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PREFATORY REMARKS. 



An onQine of the plan and a yiew of the scope of this Dictionary were given 
in the PnUiahers' Address appended to onr Specimen Part. The first division 
of this work, which the present volmne contains, will show the care with which 
that outline is being filled np ; and, so £ur as the range of this section goes, it 
will farther show that the necessary skill and expense are being employed to 
render our ultimate design practically and nsefiilly complete, as £ur as a positive 
knowledge of the subjects upon which we treat is developed. 

When I was Professor of Mathematics in the College for Civil Engineers, 
at Putney (1840), I perceived how important a work like the present would 
be to experienced engineers, as well as to engineering students ; but it was not 
until the year 1850 that I designed and developed what I had previously 
perceived to be a requirement This I eflfected in compiling and editing 
* Appletons' Dictionary of Machines, Mechanics, Engine-work, and Engineering,' 
which was published by the Appletons of New York. But since 1850 numerous 
useful experiments have been made, important applications of the sciences to 
the arts developed and improved, new machines constructed, mechanical appliances 
invented, and new tools introduced. In fact, during the last nineteen years, the 
cultivation of the broad fields of civil, mechanical, military, and naval engineering 
have been so much cultivated and extended, theoretically and practically, that 
scarcely an article which appeared in my first dictionary can with propriety be 
introduced in the present work. 

The first division is sufficiently extensive to illustrate my dedgn and to 
render apparent the plan upon which this Dictionary is compiled. The nature 
and mechanical properties of labournaaving machines are fully explained in 
alphabetical order, and illustrated by suitable engravings of the best examples 
of construction. See Aobioultubal Engines. Ajb-Ekginb. AMALaAMATiNa 
Maohinb. Anihaikihabooal Machine. Abminchpbess. Bank-note Pbint- 
iNO Maohinb. BABLBY-DBEssiNa Machine. Babn Maohineby. Batteby, 
employed to ermh awriferous rock. Blowing Maohine, and so on. 

Peculiarly useful instruments, important tools, and ingenious mechanical 
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contriranoes, however siinple in oonstrnction, receive particular attention. See 
Abagxts. ADDBEssma Maghinb. Cow-ioLKiNa Machine. Aobzoultubal 
Implebisnts. Am-PUHP. Anghob. Anemometeb. Anvil. Auqeb. Awl. 
Balance. Ballast -wagon. Babometeb. Babbow. Batea. Batteby. 
Bell. Bellows. Bell-tbap. Fielden's cast-iron chain Belt. Hand-tools, 
and BO on. 

The great motor. Steam, will be treated of nnder several heads, namely, 
BoiLEB. Details of Engines. Engines, Varieties of. Locomotive Engines. 
Mabinb Engines. Pumping Engines. Stationaby Engines. Indicatobs. 
Slide-valves. Steam and the Steam Engine. Valves. 

Water, Air, Animal Strength, and other motors, receive treatment similar to 
that of Steam. See Abchimedian Scbew. Babxeb's Mill. Float Wateb- 

WHEELS. OVEBSHOT WaTEB-WHEELS. TtJBBlNE WATEB-VmEELS. UnDEBSHOT 

Wateb-wheels. Anemometeb. Babometeb. Windmills. Pbinoiple op 

WOBK. 

The means of applying power, of regulating its force, and of altering its 
direction to effect particular objects, will be found under such heads as — Belting. 

GhSABING AND COUPLING. PaBALLEL MoTIONS. BeGULATOBS AND GOVEBNOBS. 

Many subjects and departments of engineering skill stand so isolated and 



apart, that operations, constructions, machinery, and implements, connected with 
each of them, axe given under one head. See Agbicultubal Implements. 
Alloys, employed in the useful arts. Abtbsian Wells. Asphalte. Assaying. 
Babbaces. 

With respect to the mining and working of Ibon, see Blast Fubnace. 
Blowing Engines. Fubnaces. Ibon. Eilns. Ovens. Puddling and 
Puddling Machines. Rolling Mills. Squebzebs. Steam-hammer. Steel. 
Tuyebb. 

What is known to be useM and practical respecting the Mining, Metal- 
lurgy, and working of Goppeb, Silveb, Gk)LD, and of other metals and their 
alloys employed in the mechanical and usefdl arts, vnll be found in alphabetical 
order. See Aluminum. Antimony. Absenic. Bismuth. 

To these pre&tory remarks it is unnecessary for me to add the alphabetical 
order under which I intend to range the machines, operations, abstract philo- 
sophical deduction, and specimens of skill belonging to Boilers, Bridges, Iron Ship- 
building, Bailway Engineering, Casting and Founding, Irrigation, Waterworks, 
Harbours, Locks and Canals, Ordnance and War Material, Building, Docking 
of Ships, Electro-Metallurgy, Telegraphy, Damming, Boring, and Blasting, 
Practical Mechanics, Hydrauhcs, and the other great departments of Civil, 
Mechanical, MiUtary, and Naval Engineering. The practical mechanic and 
engineer, especially if he has neglected the study of mathematics and chemistry. 
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should pay particular attention to the artides on AiiQebraio Signs; Atomio 
Weights; Equivalbntb ; Isomobphism; Molbcxtlab Yolume. 

In oonsnlting this work, it is necessary to remind the general reader that 
technical terms and other matter printed in ItcUica, in most cases, refer to 
Mechanical Contrivances, Principles, or Processes explained in another place, in 
alphabetical order. 

It will be observed that this Dictionary furnishes a Glossary of English 
Engineering Terms in French, German, Italian, and Spanish : these terms vrill 
be arranged in alphabetical order at the end of the work in those languages 
respectively, to &cilitate reference by French, Chrman, Italian, and Spanish 
readers. 

With respect to my coadjutors, it is necessary here to state that articles on 
special subjects are famished by, or receive careful attention from, professional 
and practical men of the highest order, whose names vrill be given, and whose 
contributions particularized, and all assistance acknowledged, in the general 
Pre&ce. 

For myself I may be allowed to mention that during the last nineteen years, 
to which I have before alluded, I have written many works on Mechanics, 
Mathematics, and Engineering, which were published in England, France, and 
America, and which need not here be particularized ; and further I may add 
that I have visited most of the great Mining and Manufacturing centres of 
Europe and America ; and I have been practically and professionally engaged in 
Railroad Engineering, Ship-building, Telegraphy, Bridge-building, Mining, 
Metallurgy, and other departments of Civil, Mechanical, Military, and Naval 
Engineering. These and other &vourable circumstances and combinations are 
my guarantees, under Him who rules all things aright, that this useful and 
practical work, partially developed in the present divirion, wiU in due time be 
brought to a successful issue. 

OLIVER BYRNE. 



London, 21it June, 1869. 
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ABACUS, md Ttutnuamta /or Calculating. 
ABACUS. Fe, TMeau Knaal a calcuUr- 
Jhaco ! SfaK., Abaco, 

A v&riety of more or leas aimplo incchai 



-Abaque ; Obb., Sec/tentirtt. Saalenptalie ; Ital., 



Lvnnces have been inveDtad, almost From time 
o Btmplif J and facilitate the ordinar; calculationa of daily life ; most of these oon- 
thvanceB, beaidca having little real utility, are bo well known, and have been so Frequently 
deacribod, that a detailed deaaription of them ia here unnecessary ; it is sufficient to say that the 
Chinese and other inliahiliuits of CeQtrel Asia still nse these simple mechauiod aid^ in perform- 
ing islcliIiLtioaa. 

Napier devised a sort of abacus, or iostrument for calculating, based upon the principle of 
Tendering movable the columns of the ordinary multiplication table. The rods (^ bones of which 
this abacus is composed are termed Napier's rods or bones. 

It is necessary to observe that each rod is divided into nine squares, and each square into two 
triangles, by a diagonal line drawn from the left lower ookIo. Fig. 1 represents one of these 
rods with the figure 3 in the right-hand triangle of the first square, zero and single flgnres. 
1, 2, 4, &c., to 9, being always placed in a Bimilor position on the other rods. 

In Fig. 1 the second eqaare from the top contains 6, or twice 3 ; the third 9, or three limes 8 ; 
the fourth 12, or four times 3 : sad so on, to nine times 3, or 27 ; whence the %ure at the top, 
and multiples expressed by single digits ore placed in the light-haud triangles, and the tens ut 
the left-hiuid triangles. 

It is clear that the faces which b<^ zero ou tlie top must necessarily bear zero on all the 
triangles. For example, take three of the bones bearing on the top of their faces the figures 1, 9, 
«jid 2 respectively, and place them together, as shown in Fig. 2 r the first line will n«d IW, the 
second 384 = 192 x 2. with this proviso, that tke figures placed bfiirten the aome diai/oaal Hats, as 1, 2, 
Aart to be added ; three times 192 reads STtS when the 3 and 2 between the diagonal lines are added, 
and BO on le 9 times 192, which reads 1729 when the figures 9, 6, and 1, ], between the diagonal 
lines are added. The apparent difficulty of this arrangement is by no means such as to deter any 
one &Dm using Napier's rods, as a short practice suffices to render Uie use of those rods easy. 




Augustus Barre's calculating instrument. Fig. 3, has a finger-board, A, furnished with ten 
keys of une<inal length, each of which, iu consecutive order, is marked with one of the figures 
1, 2, 3, 4. &c., to 10. When the key which bears the number that an operator desires to add to 
another number, is pressed by the finger until it comes in oontrect with tlie stationary table D, 
" e range of the sagular motion given to the wheel C, which indicates the number to be added, ie 



key, and lever C with which il 



s connected, i 



a ai;^ar motion, 



2 



ABACUS. 



the wheel and the lever proportional, to the digit which the key bears, that is, this motion will be 
emaller for the lower and greater for the higher digits. The moving of the key starts a click or 
catch, connected with a small weight, in consequence of which the wheel begins to turn ; the 
motion is stopped as soon as the key pressed upon by the finger resumes its primitiye position of 
rest. 

Calculating Instruments of Dubois and of Dunlop. — The calculating instruments of Dubois assist 
in performing the elementary operations of arithmetic. In adding and subtracting, Dubois applies 
a series of small movable rules, upon the surface of which is painted or engraved the nine digits. 
In performing multiplication and division, Dubois makes use of an arrangement previously applied 
by I'etit, in 1671. This arrangement consisted of engraving the figures upon rectilinear rods, 
similar to Napier's rods. There may be a real merit in applying old well-known methods in a 
useful manner, but this remark does not apply to Dubois' adaptation of Petit's arrangement ; for 
Dubois' instnmient, on account of its size, is far less commodious in use than many of the antique 
instruments which have been employed to effect a similar purpose. 

Dunlop has introduced two calculators; his calculator Ko. 1, to perform multiplication and 
division, consists of a series of numbers, arranged in a tabular form nmde up of movable parts, so 
adjusted as to make it quite easy to find the simple multiples of any given set of figures ; in reality 
this contrivance is an extension of Kapler's method. 

Form I., page 3, represents, on the left side, the inner rear side of the first page of Dunlop*s 
tabulated form ; the right-hand side represents . the movable slips, which are partly folded up and 
covered by each other, while on the right ends they are open and a digit is to be seen thereon. 
The use of the said slips is sufficiently indicated by the printed inscriptions which they bear. It 
must be noted that the figures printed between brackets are in Dunlop's table distinguished by a 
red colour. 

JSx. — Suppose one desires to know the price of 32^ yards of silk at 13s. 2d. a-yard ; to per- 
form this calculation one operates in the following manner : uncover the slip of the tens. No. 3, 
the slip 2 of the units, and slip ^ of parts of units, the end of which is visible in A, Form I. ; place 
the sheets which cover those you are in want of for your purpose upon the left-hand sheet, and 
Dunlop's calculator will then exhibit itself to you as seen in Form II. At B G you read the 
multiplicand 82^, and in order to find the product by 13s. 2d,, look first upon the column 
marked ISs. on the lowest line ; add together the two figures 0/. 6s, 6i., 1/. Qs. Od., 19/. 10s. Od,y 
total 21/. 2s. 6d. ; this is the price of 32^ yards at 13s. Look next to the column marked 2d.y 
which gives a result of 5s. 5d. ; add this to the former result, and the sum total will be found to be 
21/. 7s..llrf. 

The Dunlop calculator, No. 2, based upon the same pi^pciple, is designed for the calculation 
of weights. 

The calculator, No. 3, is an Instrument designed to facilitate the addition of partial products in 
cases when the multiplier is composed of several numbers ; it consists of a box containing small 
slate rules movable in horizontal grooves; the partial products are written down upon these 
small slates, and since these are made to ^ide, it is easy to place the products in the order they 
respectively must occupy. 

Counters for Public Carriages, — There exist two kinds of these instruments : namely, graphical 
counters And purely mechanical ones, all of which require the use of clockwork. The so-called graphi- 
cal counters are so arranged as to note down the information, which it is of interest to the parties 
concerned to know, upon a piece of paper moved by clockwork ; they are in fact self-registering 
instruments ; but it is quite evident tnat such an instrument, since it requires the daily changing 
of the sheet of paper, would be a very inconvenient instrument to be applied by the proprietor of a 
large number of public carriages, as it is clear that it would require a pretty large number of 
clerks to take down every night the papers put up in each respective carriage in the morning, 
and to note down the particulars registered automatically. The mechanical counters, on the 
contrary, are so constructed that it is possible to read off at a glance, by means of a mechanical 
contrivance of ihore or less complicate structure, the work performed during the day and the 
money received and to be accounted for. There exist contrivances of this kind wherein the 
graphical and mechanical arrangements are combined. 4, 

Various instruments both graphical and mechanical have been 
invented and used as automatic coimters in carriages. We describe 
that of Bertrand and Addenet. The counter contrived by them is 
represented in Figs. 4, 5 ; the instrument is fixed on the carriage, 
behind the coachman's box, while towards the passengers, inside 
the carriage, are exhibited — 1, a dial-plate of a clock or timepiece, 
indicating the time; 2, a dial-plate, provided with hands, indi- 
cating the number of kilometres, or distance run over, the hands 
being mechanically connected with the carriage wheels ; 3, on the 
top of the said dial-elates a rectangular opening, showing the amoimt 
of the fare to be paid to the coachman ; and 4, at the bottom of the 
instrument another opening is exhibited, bearing the words : — 



or 



Night, 



Day, 




since this refers to a different tariff of fares. 

The figures which indicate the amount of the fare, are engraved on two discs, one of which, in 
the Paris carriages, marks the centimes, the other the francs. Motion is imparted to these discs 
by means of clockwork, from the timepiece already alluded to. At the time of starting, the 
counter indicating the amount of fare, reads, francs 50 centimes, and the amount of fare due, runs 



CALCULATING INSTRUMENTS. 



^ -^ 



I 

o 

Q 

» 

;3 

PS 

<J 

Eh 



■+■ Oi 


Oi 


\o 


l« 


0) 




o TABULATED FORM.— II. 


H* 1 Oi 1 o» 


1 oa 1 o> 


o 


> 


•*• 1 00 


00 


|00 


1 00 


00 


Ml'* 00 1 00 


l» 


00 


00 


«♦«> t^ 


t^ 


t- 


t^ 


CO 


«i« 1 t> 


t> 


if- 


t^ 


t^ 


H« 1 CO 


«> 


«> 


CO 


-+" CO 


CO 


i» 


CO 


o 


-N 1 O 


o 


•« 


o 


|o 






o o 


o 1 lO 


o 




H* 1 ^ 


•"t* 


"^t* 


I'" 


CO 


CO 


-^ 


-^ 1 "^t* 


"^ 


-^B « 


CO 


« 


1" 


CO 


1 CO 1 CO 


CO 


Hs!" 


C4 


C4 


C4 

1-^ 


C4 




94 




04 j 04 


04 




H: 


iH 


pH 


1-^ 


1-^ 


l-l 


wM 


of 

1 


d 
'd 

i 
1 


3 
1 

1 
1 


3 
S 

1 

1 


s 

1 


■ 

s 

o 

1 

d 

•** 

1 




•o'co 
^co 

•^co 


o 

CO 

o 
©4 

"o" 

o 

cT" 

00 

o 
o~ 

CO 

o 


o 
o 

a> 

O 
O 
00 

"o" 

o 

CO 

"o 
o 

o 

CO 

o 
o 

C4 

»-» 

CO 


■ 

s 

s 

1 

n 


1 

i 

1 
i 


m 

1 

S 

o 

1 










'w • 






c3<S' 


•^co 










••o 
••o 

«)0 


o 

p-l 

o 


S^P-l 




00 

o 


o 


^'^.^I 

^S 

s^"-* 


>-• 


wo 

MO 


CO 

o 


CO 




*s 


••o 

MO 


p-l 
o 


O 

o 

p-l 


■••00 


5^ 


••o 

MO 


04 

o 


CO 

o 




2s 


wo 

MO 


o 
o 


o 
o 




is 


WO 
MO 


o 
o 
o 


CO 

04 

p-l 

o 














53 


WO 
MO 


00 

o 
o 


o 
o 

o 




§^ 


wo 

MO 


o 
o 


CO 

o 




Ja 


WO 
MO 


o 
o 


o 
o 

o 




• 
• 


f 


z 


06 


s 




• 


1 






1 













B 2 



ABATTIS. 



6. 




up 10 centimes at a time. It is possible by this arrangement to use the instrument even for short 
distances. When a carriage is disengaged, there is exhibited outside, on the top, a small flag, M, m, 
bearing the word disentjuged. The putting up of this flag by the 
coachicuMi, has the effect, by means of proper mechanical con- 
trivances, to disconnect the toothed wheelwork of the discs, and 
to bring the figures connected therewith, back to the first reading. 
If, with a view to fraud, the coachman should neglect this opera- 
tion, the instrument is so arranged that it guards against his 
fraudulent intention, and compels him to accoimt for all money 
received, on his return home. 

Fig. 5 represents an instrument employed in Paris omnibuses, 
and \a a modification of that shown in Fig. 4. 

T is a dial that shows the sum total; the outside figures 
on this dial represent francs, and the inner figures show the cen- 
times. 

L, a dial indicating how often the carriage has passed the 
barriers, and consequently shows the number of return tolls paid 
back to the driver, on his returning into the city. 

V, a dial indicating the number of passengers ; on the outside 
of tliis dial, figures show the total amount in francs, to which the 
constant 0.50 is added. 

H, a dial indicating the time during which the carriage has been at rest. 

K, a dial indicating the number of kilometres, or distance run over, while the carriage was 
imoccupied. 

It is stated that the movements of the hands, of these different dials, are extremely simple, and 
may always be relied upon. 

The mode of transmitting the motion from the carriage wheels to the instrument is new, and 
may be described thus : — 

Suppose a wire placed, so as to be quite free to move, but in the most limited space possible, 
inside a flexible sheath ; the wire is, in this particular case, spiral, of very tightly woven steel ; the 
inside wire may then be taken to be a single central wire, which preserves its primitive length 
irrespective of the curve^which the sheath makes, and also, irrespective of the variations of the ends 
of the sheath. The sheath, fixed to the counting instrument on the one hand, and to the axle of 
the wheels of the carriage on the other, has more or less play, according to the play of the springs 
which support the carriage ; but the central wire always preserves the same length, and it is this 
wire which transmits to the kilometrical, or distance counter, the motion of the carriage-wheels. 
One of the front wheels of the carriage, bears upon its stock an eccentric, which at every revolution 
of the wheel, transmits an alternate motion to a bolt or beam placed on the axle-tree ; upon this 
beam, is fixed a piece which catches the wire contained in the sheath, and by this means a rack- 
wheel belonging to the distance counter is moved. Ujwn the evidence of several, who have been 
for many years oonnected with the Public Carriage Department in Paris, this arrangement, and 
every contrivance connected therewith, is pronounced to answer the purpose for which it was 
designed, in every respect. See CouJfTEB, steam-engine. Plakimeteb. Slide Rule. 

ABATTIS. FR.,Abattis; Geb., Verhau, Verhac'k; Ital., Afjbattuta^ Tagliata; Hf AVI., Abatis, 

An abattis is generally constructed with large branches of trees, sharpened and laid with the 
points outward, in front of a fortification or anv other position, to obstruct the approach of 
assailants. Abattis should be so placed as not to be exposed to the fire of artillery. In redcvhts 
or entrenchments they are usually fixed in an upright position against the counterscarp, or at the 
foot of the glacis^ the plane of which last is broken so as to permit of their being laid out of 
the enemy's sight, and so as not to interfere with the musketry fire from the parapet in their rear. 
See Fig. 6. Abattis is an excellent mode of blocking up a road ; and when the branches are well 







and properly placed, and interwoven one with the other, the disengagement of them is extremely 
difficult, and to form an opening sufiicient for the passage of artillery, or even of cavalry, requires 
a long time. An abattis can easily be made by a few men, with half-a-dozen felling-axes and a 
cross-cut saw, and in a short space of time, if trees of sufficient size are near, or on the spot. It is 
more easily formed and gives more effective defence than palisades. 

An abattis should not be planted out of musketry-range ; for this and all other obstacles are to 
break up the order of the enemy-s advance, to impede and keep him under musketry fire. The 
application of the abattis should be considered as purely local and not one of the common resources 
for securing entrenchments, such as palisades, chevaux-dc-frise, and foiigasseSj the materials for the 
oonstruction of these last being capable of conveyance from a distance. Hence localities may 
enable the engineer to obstruct a road, by dragging trees from the hedge-side and connecting the 
defences of a position, by levelling groups of trees with their branches towards the enemy. 
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Shrubby treM ore not adapted la Carta a ^^ood nbattia; they nra easily forced and dmn-n nut by tlie 
liand. Heavy trees with tlia trunk cut ludf-tlirough form inmmuomilablo olistecloa ; tliis last i<j 
called cm i'atariglemint. See Fig. 7. 




ABATTOIK. Fa, A'atloiri Geb., Schlachlhaiu ; Itai,,, Mactllo; Span., Mat,idero. 

A public Blflupihter-hoiue !□ a city is termed an abattoii. 

ABSTBACTISa DIMENSIONS. Fb., Epitome pour renir <U guide a bien prcmlrt la dimea- 
noiu; Gkb., £i7ien Geijinalatid anfiniasen, Maue Znaammenslellen ; Ital., Klenco delle misure; 8p4N., 
Eesilinen lie dimtnaionet. 8ch LaboCB, trained. 

ABUTMENT. Fa,, CaUe, But€t; Geb.. Wtderiager; Ital., Coxia; Spah, EitrAo, Bolarel. 

ABUTTINQ JOINT. Fb., Joint plat; Geb., Slampfe Page; Ital., CommeHitanx piatia; 
Span., Jantara plana. 

In caTptDtry, an abutting or a butt joint U a joint in which the plane of the joint is at right 
■nglea to the m>n>B. and the fibres of both pieces in the same Htrai^jht line. 

ACCELERATION. Fb., Acaftilratioa ; Geh., Ilescklmmgm'j ; Ital,, Accckmione ; Span., 
AceUracioR, 

Acceleration is the increaae of velocity in a moring body, cansed by the conlimipd addition of 
motiTe force. When bodies in motion pees through equal spaces in equal times, that is, when the 
Telocity of the body ia the same during the period that the body is in motion, it ia termed 
uniform motion, of which wo have a familiar instance in the motion of the hands of a clock over its 
tace; but a more correct illustration is the revolution of the earth on its axis. In the case of 
a body moving through unequal spaces in equal times, or with a varying; velocity, if tlio velocity 
increase with the duration of the motion, it ia \eimeA accelerated motion ; but if it decrease 
with the duration of the motion, it ia termed retarded motion. A stone thrown up in the air 
aflbids an illustration of each of theae cases, the motion during tiie ascf?Dt being retarded by 
the foi«e of gravity, and accelerated by tlie same during the dcweut of the atone. All bodies 
have a tendency to preserve their state, either of rest or of motion ; ao that if a body were set 
in motion, and this moving force were witbilrawa, t)ie body, if unopposed by any force, would 
continue to move with tbe same velocity it had acquired at the instant the moving force was 
withdrawn. And if a body in motion be acted upon by a oonstaat force, as tlie force of gravity, 
the motion becomes accelerated, the velocity increasing as the times, and the whole spaces 
paned throngh increasing as the squares of tbe times ; whilst the proportional epncea passed 
thmagb during equal portions of time will be as the odd numbers 1, 3, 5, 7, &c.: and the spaces 
passed over in any portion of time, talteo as a unit, will be equal to half tho velocity afquiri?d at 
the end of such time. Thus, at the end of one second, the velocity of a body falling freely near 
the surface of the earth is said to be ■i'l>, ft. : at the end of 2 seconds, 2 times S'Jl ft. -, at the 
end of 3 seconds, 3 times 32^ ft. ; at tlie end of 4 seconds, i times 32^ ft., nnd so on ; or 
generally, the velocity acquired by a falling body is equal to the product of the time of tbs 
body's fall in seoonds by 32^ feet, which may bo expressed by the simple equation— 

(Velocity in feet) = (Time in seconds) x 3a J or o = (xa2i. 
The space described bj a body in one second will bo half of 32^ feet = 16X feet; becanse the 
velocity of the body in tlic middle of the time will be the mean velocity with which it moves 
during that time. In like manner, the space described by tbe body in 4 seconds, will bo 4 times 
2x3-4 ft' '■ because 4 k 32j, ft, is the velocity at the end of 4 seconds, and therefore 2 x 32j| will 
be the mean velocity, or the velocity in the miihlle of tho time. But 4 times 2x 32^ = 16 x 10^ = 
I'x Iti^, that is, the space described bv a falling liody in 4 seconds is equal to the siinare of the 
time mutMplied by the space described in 1 second. In tbe same manner, tho relation of the 
■pace, a, in feet, and the time t in seconds, is exiircssod generally thas, i^f'x l^j\. 

Morin'i Apparatus for Deraomtratin^j tht Lna:s of f,<l!iii-i Bodii-f, by mc^ins of Unialemipled 
Indicatione. — The apparatus constructed by Morin, according to tho instnictiona given him by 
Poncelet, to effect this object, consists of a cylindt-r A A, Figs. 8. 9. moved by mcaos of a vortical 
aiis. Bet in motion by means of clockwork, regulated by the pendulum D. The surface of this 
cylinder is covered with a sheet of paper ; a conical leaden weight, d, is mailo to move, guided and 
kept in its proper position, by guide-rods, at a small distance from the cylinder ; to this leaden 
weight, is attached a small hair pencil with a fine point, and this pencil being previonslj 
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dipped into colonring-nmtter, the point of it tonchM tod marks the paper. Thia oyllndro-comcal 

weight, and the hair pencil, &re repregeiited cm a Urge scale in Fig. 10. When an ezperlmeDl ie 
deHired to be made with this apwratua, the weight d ie kept at the upper part of the apparatus, 
by B set of tweezen E ; after the cylinder has been set in motion, and this motion has became 
uaifono, the etring F it pulled, hj which the tweezer is unfastened, and conoequentty the weight 
d falU gliding down along its guide-rods, while the hair pencil matka Bimultaneoual;, on the surface 
of the paper placed upon the cylinder, a curred line, from which maj be adduced, the laws of the 
moving bod;. 

When at the end of this experiment the paper U withdiswu from the cylinder, it will be obwrred 
that it contains two lines, one G Q, Fig. 11, a etraight line, perpendicular to the axis of the cylinder, 
this line was marked out, before the weight was allowed to fall ; the other, a curre line G H H, to 
which O Q, is a tangent. When to difEerent points of this curved line, as for instance, M m, 
tBQgeots are drawn, and when through tho points T and (, where these tangents meet the straight 
lioe O Q, perpendicular lines are traced, it will be observed, that all these perpendiculars, pass 
through one and the same point F. This is a property of the curve, known as the paraMa, and the 
point F, wherein T F and ( F meet, is the focus of the curved line. When from F, a straight line 
u dnwu perpendicular to Q, a perpendicular, 0', is found, constitiitiiig the axis of the paraboU, 




of which G is the top, or Bnmmit, That point is the atarting-point of the moving weight, which 
point could not be voir readily perceived without this construction, sinoe the vertex or summit of 
the curve is only eihibited by the contact of the curved line m M and the slraight line G Q. Let 
na BOW examine any point M of tho curve, and draw the rectangular co-ordinates M Q and H P 
with respect to the axes Q Q' and G Q. The vertical line M Q represents the space, e, travelled 
over by the moving weight in a given time, (. The horizontal line M P represents the arc of tho 
circle described in the some lapse of time by any point of the surface of the cylinder ; let r be the 
radius of the cylinder, v the velocity, which is taken for granted to be constant: the arc in ques- 
tion, therefore, W for its measure art. But since the curve described is a parabola, there exists 
between the coordinates of the point M, the relation 

(MP)> = Zp(MQ); 
callmgp the semiparametei. By substituting for M P and H Q their respective 

i^rit' = 2pt, 
whenos 1 Of" r> 



„Ju 






-3 p' 



[2] 
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Equation [2] shows that the space described by d is proportional to the square of the time. The quantit j 
p, is the double of the distance G F from the summit, or vertex, to the focus ; by designating this 
distance by A, we have I u'r^ 

tK 



e = 



while the acceleration due to the grayity is 



2 2A "' 



g^Yh' ^^^ 

One might calculate ^=32-2, from [3], but h cannot be measured to a sufficient degree of accu- 
racy. But we deduce [4] from [8] by putting u for w r, 

that is to say, the distance G F from the top of the parabola to the focus, is the height due to the velocity 
of any given point of the cylinder. The parameter of the parabola becomes greater when the cylinder 
rotates more rapidly. 

The law of the velocities may be deduced from equation [2], by taking the variable e with 
respect to the time ; 

whence v = t ; [5] 

it hence follows that the velocities are proportional to the time. Geometrical considerations 
establish the same law. For the curve G M U described by the moving-weight is the represent- 
ative curve of the motion. By taking G P as the axis of x, and G G' as the axis of y, the 
equation of the curve becomes ^ 

And the angular coefficient of the tangent, or the differential of y, with respect to x,'ia 

!? = / = £. [6] 

dx p 

This angular coefficient is proportional to the velocity ; now x is proportional to the time, and 
therefore the velocity is proportional to the time. But equation^ [6] would not give exactly the 
value of the velocity ; since, for x = wrt, we should have 

« r 

a value differing from expression [5]. This is because the units of time and space are not repre- 
sented by the same length, which condition ought to exist in order that the angular coefficient of 
the tangent to the curve of space, be eaual to the velocity of the moving weight. 

The units of work conserved in a tx)dy weighing W lbs., moving in any direction a 6, or c d, 
straight or curved, with a motion being either retarded or accelerated, may be readily found when 
the velocity r, in feet a second, is known at P, any ,„ 

point of the path described by the body W. Fig. 
12. The units of work accumulated in a moving 
body is equal to the square of the velocity in feet 
a second, multiplied by the weight of the body in 
lbs., and divided by 2 x 32*2. The mass (m) of 
a body is a constant quantity at all heights and 
in all latitudes, while the weight W and the 

value of g are variable : but m = - under all 

9 
circumstances. There is much uncertainty and 

error involved in the methods employed by phi- 

loeophers to find the value of g in different places. 

In tms work, for the want of knowing better, g is 

put = 32-2 feet. That is, a body faUing from a 

state of rest is supposed to be moving at the end 

of the first second with a velocity of 32*2 feet a 

second. When we say absolutely and without other explanation that the quantity g, which 

expresses the acceleration produced by gravity, is the measure of this force, we give an 

incoirect idea, since ^ is in reality only the velocity imparted to or taken from a body by 

gravity during each second of its action, and the velocity which is expressed in feet cannot measure 

a force which should be compared with pounds. The product of the mass m, and the velocity 

9 = — 0, has received the name momentum ; it is a conventional phrase, to which we attach no other 

signification, than that of the product of the mass, into the velocity imparted to or taken from it. 

193 
If the weight w = 193 lbs. where «7 = 32^ ft., then the mass will be = g^^ = 6. In Paris ^ is said 

to be = 32 '1817 ft., in which place w would be = 193*0902 lbs. ; but the mass remains unaltered, 

193*0902 
for 3 2.1817 = ^ *^- ^ '^y ^ ** *^® P^"** ^» weighing 230 lbs. moving in any direction with 

142 X 230 
a velocity of 14 feet a second has accumulated in it 700 units of work, for g - — = 700. 

Suppose two weights, F and E, Fig. 13, weighing 4 "9 lbs. and 7 lbs. respectively, to be con- 
nected by a cord, I C D, that goes over a fixed pulley C, as in Atwood's machine ; the space through 
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which E must descend to aoqnire a given velocity, say 2*3 feet a second, may be found on the principle 
of tDork without direct reference to the acceleration of the bodies in motion. Thus, the units of work 
(2-3)» X 4-9 ^^^ ^^_ __,^ ^ , ._ „ (2-3)2 X 7 



in P=-. 



.- = '4025 ; the units of work in E =n^ 



= '575; therefore, the total 



2 X (32-2) "■ *"""• " "' "" 2x (32-2) 

accumulated work in the bodies E and F at the required position = • 9775. Now if we suppose x to 
be the space passed over by each of the weights, then the work of 
gravity on F = 4'9 x x; and the work of gravity on E = 7 x x; 
as the work performed on F has been produced by the work of E, 
the work existing in the bodies is also represented by the differ- 
ence of 7 xar and 4-9 X X = 2*1 X X. Therefore2*l x x = -9775, 

. 9775 41 

whence x = n.^ feet = 5 i=q inches. 

Again, suppose a weight of 9 lbs. to act upon a weight of 
7 lbs. over a pulley C, Fig. 13 ; the time taken for the greater 
weight to descend a given number of feet (100), and the 
common velocity of both bodies, may be determined on the 
principle of %cork, without direct reference to acceleration. For 
9 lbs. - 7 lbs. = 2 lbs., and 100 x 2 = 200, the units of work in 
both weights. Then if o be put for the velocity, the units of 

work in both bodies wUl also be expressed by -' 

4tj2 



64-4 



jg. J = 200, and c = 28-3725 feet, the velocity at the 
100 feet. Then the mean velocity = 14*1862, and 



whence 

end of 

100* 

=7*05 seconds, the time of descent. 

14*1862 '•"*'«^"^'' 

ACHEOMATIC LENS. Fr., Lentille achromatique ; Ger., 
Achromatiache Linse ; Ital., Lente acromatica; Span., Lente 
acromdtico. 

Those optical instruments and lenses which suffer the rays of 
light to pass through them, without decomposition, are called 
achromatic, which signifies without colour. See Optical Instbu- 

VENTS. 

ACRE. Fb., Acre = 40*4671 acres = 4836 sq. yards; Gee., 
Acker. — Morgan Landes = 3291*2 sq. yards; Ital., Canipo inglese ; 
Span., Acre = 4046*87 metres cuadrados, 

A measure of land containing 4 square roods, or 160 square 
perches, is termed an acre ; the English acre of land contains 
4840 square yards. 

ADDRESSING MACHINE. Fb., Machine pour faciliter 
Vimpresbion (Tun grand nombre d'adresses de lettres ; Ger., Eine Kor- 
richtung damit man sehr schnell Brief en-adresaen schreiben kann ; Ital., 
MacchitM da indirizzi ; Span., Mdquina para imprimir sobres, ^a. 





An addressing machine is a 
machine for inserting the ad- 
dresses of letters and other 
similar articles. 

The addressing machine of 
N. E. & G. W. Warren, Fig. 14, 
consists of a curved arm, C, ope- 
rating on a platen and worked 
by a treadle. 

The curved levers or arms, 
0, C, are operated by the bent spring G, in combination with the adjustable head D, and the faces 
fif, d'. The pall F', rock-shaft L' slotbed arm L" and adjustable rod J, are worked by the quad ratchet I. 
ADHESION. Fb., Adhesion; Ger., Anziehungskraft ; Ital., Adercnza; Span., Ad/iesion, 
Adhesion is the union of the surfaces of bodies when brought together, and is measured by the 
force which is requisite to separate them. Adhesion may be either natural or artificial. It is not 
to be confounded with Cohesion, with Gravitation, nor yet with the pressure of the atmosphere upon 
an external surface when the air is removed from beneath it. The power or degree of strength 
with which bodies unite is called their force of adhesion. Bevan foimd that a nail driven into 
Christiana deal required 170 lbs. to extract it ; in green sycamore, it required 312 lbs. ; in dry oak, 
507 lbs. ; in dry beech, 667 lbs. A screw holds three times as strongly as a nail of similar length ; 
and in most light timbers a nail driven across theggrain holds with twice the force of one driven 
with the grain. In oak and elm there is not so much difference. Well-glued suriaoes of dry ash 
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hold with a force of 713 lbs. to the Eqnare inch if the glae be new ; Bootch &i with on sdhedTe 
force of 562 lbs. to the aiaare inch. 

The adhefiiie force oa railrbads may be eetimBitad approiimatelf from the simplo eipreaaion 
c X f , iisitiJ]]i written ct, in which c ia the co-efficient of adhoaioo for the drivtng-wbeela of the 
looomotiTs, and t the weight of the looomotire in tnni, which rest on the driving-wbeelB. The 
adhesive force of the driving'Wheela, c x f, moat always be greater than the retractive fbrce, 
22-4 X ( X A nearly, in which h ia pot for the vertical rise in feet for each 100 feet of road. 
AppTDiimate results may be readil; obtained bv putting c = 670- when the rails are dry; = 560- 
when the rails are very dl7; = 450' under onunary circumstances; = 314' in wet weather; and 
- 225' in snow and fVoet. Oa horaa-railroads, or tramways in lai^e towns, c varies from 300- 
to 400 ' in snow and f^wt. The influence of the resistances operating on railway trains in motion 
will be generally diecuased when we treat of the experiments of MM. Krillemin, Uuebhard, and 
Diendonn^. See DyhaMOxcceo, Sailicay Cur. 

The force of adhesion will be better understood from ila practical relation to friction, and to 
- tractive and retractive forcoit. 

Soppoee the area (A) of one of the two ojlinderg of a locomotive = 400 square inches, Fig, 15; 
■tn)ke(S) of piston = 1 -5 feet; mean preBBure(P) on the square inch = 96 lbs., and the diameter (O) 





of the driving-wheels = 5 feet ; then the tractive force 

It being very neatly = ~ri~ 'hen U is the miles an hotw and » the revolutions of the driving- 



ir the friction of the locomotive machinery 
and the power required to work the pamps. 

Suppose a locomotive, Fig. 16, weighing 18 tons (t), to be placed on an iudiue rising 8 feet (h) 
in 100 ; the length (S) of the stroke of the piston = 2 feet ; area (A) of piston - 320 square inchee ; 
the pressure (P) - 75 lbs. on the square inch ; (c) the coefBcient of adhesion = 560', and the 
diameter (D) of the driving-wheels = 4-5 feet. Required the Iraciivt force, retractive fonx, and 
the force of adluaiuB. 

< 2 X 75 



Traoti 


ive force = -Tj— 


- 22-4 


X th-"^ 


_ 


-4-5— - 22* 


X 18 X 8 = 


7441 lbs 


The I 


etractive force 22-4 


X t X 


S being = 


322 


S'61bs. 






The 


base (6) for the ri 


se 8 in 


100 ^ 99' 


■68, 


whenoe the force 


of adhesion = 


100' 


SWx 16 X 9968 

r^:^ = 10047'744 lbs. 













But since 10047'714 ia greater than 3! 
tractive force of 10047-744 — 3223-6 = Gom.^ i-n iim., >jiu xiuiuui .im uii.iue "uccu <ulj>iiiuk. 

Patting T for the weight in tons moved on wheels, and suppose T to include the weight 
of carriages on common roads and the weight of carriages, locnnotive, and tender on railroaiis, 
then on railroads the tractive coefficient (i) in lbs. to the ton in T varies from 4 to 6 lbs. On 
nilroads in good condition, with axlea well lubricated, k = i lbs. to the ton in T; on mlrooda 
and tramways under ordinary circumstances, ^ = 7 ; for roads not in very good condition, k = S. 
In ordinary traffic^ t 

On very smooth stona pavement .. .. .. .. .. = 12 

On ordinary atreet pavements in good condition .. •• .. = 20 

On some pavements and turnpike roads . , . . . . = 30 

On tnmpike roads newly laid with coarse gtavel and broken stones . . =50 
Od common roads in bad condition, <t = 150, ud i becomes as high as 560 on natntal loose 
ground or on sand. 

While comparing the lbs. in (t) and the tons in (T), it most not be foi^tten that t has been 

Eut for merely the weight of the locomotive in tons, which rests on the driving wheels. To 
iuslrate this matter, let it be required lo find the retractive force of a train (T) ^ 150 tons, 
Fig. 17, moving with a speed (M) = 25 miles an hour on a horizontal line of railroad in the best 
condition, or when i = 4. 

The relraotiVB force is nearly = T (* -H *'"M) = 150(4 -|- V"25) = 1350 lbs.; thU force 
must be less than c x t, the ailkcaite force. The actual horse power (H) of the locomotive is 

nearly equal to -D.ye- (t x 'v'fi). Let it be required to find the horse-power (H) necessary to 
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dniT a train (T), Fig. 18, = 1S7 tcou, up cm iocUite of (A) = 9 feet in 100, with a speed (M) of 
25 miles, when 1 = 6. 

H= 375 (22* A +* + VM)= 375 {224x9+4 + V25>= 1823-5. 




The Bdhewve force ^^ murt be greater than T (22-1 h + A + VM). If (tf) ba put for the 
nnmbei of ooneeeutiye working honra of a horse, (r) the velocity in feet a second, and ((') the 
ireight of a horse in lbs., then. Fig. 19 ye have the approximate formulie — 
F = T(*+ -/M); = 1'466M: and 



F = - 7^^ = ir~~7^ = the abUit; of a horae. 
1 ^ d « Vi* 
Whence the tractive ability (F) of a horse running five miles an hour in four (d) consecutive 
hours = K~i—~ = ^'^ ^^- lastly, let it be required to find (he tractive force F of a load T 

= 10 tons, to be drawn M — 21 miles an 
A = 50, the road being newly laid with a 
apply:— 

F--. T(221A + *+ v'M); M = 
550 fh 
and P=-^j-loo- 
F = 10(22'4 X 8 + 50 + 
Buppoee a horae to weigh t' = 1000 lbs. and to n 
road ; the tractive ability of this horse will b 
2307 



filS) = 2307 lbs. 

k continually, d - I hour, up this tuinpiko 
? 1.?_ = SSIlbs. Hancatlio 



2U'l 
number irf borsea required = — g^, — = 27 nearly, 

ADIT. Fn., Faisrvje, Galene ((T^cmilemfni 
(fiKJU dam lei mmc>) ,- Geb., Zvgang, Stollen , It&L , 
Adilo ; BpAH., Cialeria de una miaa. 

The horizontal opening by which an... __ 
entered, or by which water and ores are earned 
away is tenofd an adit. The woodcut represents 
au eiaggeivted section of part of the underground 
workings of a mine ; b is the shaft, a and r the 
adits, and t the lode ; c is c«lled the shallow adit 
and a the deep adit, 

ADZE, Fa., Hermiattte; GCB , Krttmmait, 
Hohltiitn ; Ital,, Aicia ; Span,, Anvrla 

An adle ia a tool for chipping, fonoed with a 
thin arching blade, and its edge at right angles 
to the handle. The edge is only bevelled on the >> 
inside. See Hand Tools. 

AFTER-DAMP, Fs., Mofettes ; Orb, Bdcei, odtr tedtendet Wftter ; Itau, Xffite ; Span., Mofefn. 

Choke-damp is often termed after-dtnr.p ; it Is the carbonic acid gas which accumnlatea in mines 
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and wells ; this gu ia cailei choke-dtunp becaose it often d«etn>yB life bj preventing the respira- 
tion of ftir. See AHBMOiiETrER. 

AQBICULTUEAL IMPI.EMENTS. Fb., Otltlh employ^! a ragriimllurt; Gkb,, Landunrtlt- 
tcAafUicht Qeratht ; Itai,., Macchiae td ateniili agricoli f Bpan., Ulilea agrCcolaa. 

Many of the agricultural implements introduced in tbia orticlo are Dot only well-amnged to 
effect the purposes for which tbey are designed, but, at the Bsme time, they will be found, as 
regards conetruction, to interest civil eugineera generally, either in suggeeting the application of 
BOme peculiar mechanical principle, or in pointiug out combinations of machinery woieh may be 
found useful beyond the limila of the field or farmyard. 

The annexed woodcut, Fig. 21, represents a portable steam-engine and windlass oombined, as 
ocmstrucled by 0. Burrell ; the windlass has a single shtatt of 5 ft. diameter, round which the rope 




passes, and it is formed of a double scries of small leaves, which on the least pressure clasp and 
bold the rope until it tabes the straight line on the other side, when the clips fraely open and 
liberate the rope. By thle simple appliance all crushing and short bends, which are so detrimental 
to the profitable Mae of wire-rope, are entirely avoided ; this, coupled with the fact that on each 
passage of the implement Uie rope ia only twice bent, and then only round large diameten, will at 
once show this system of using irire-rope to be roost advantageous. The small leaves ate mode of 
chilled cast-iron, which is not liable to much wenr, but the leaves, when worn, can be replaced at a 
trifling cost. The power is conveyed to the windlass by an upright shaft from the crank shaft. 

Fig. 22 represents the rope porters to be used along with the engine for agricultural purposes 
just describea; these porters are placed along the fields at intervals of IQ yards, thereby 




keeping the rope mtirelj off the ground. The outside ones are mounted on three wheek, bo as to 
allow them to De moved by the rope. 

Fig. 23 repreeents what is termed the anchor, which is shown attached to the working 
apparatus. This anobor is made to resist the aide strain of the implement worked, by the cutting 
or the disc wheels into the ^und. The anchor !a moved along the headland by the motion of n 
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poue to prevent tlie anchor beW pulled over nhea heavjr work U belc 
muaged Dy a boy, vho also attandB to the abiftins of the rope porten. 




I tenned a liqnid manorc dirtributor, 
. , " b«ing fixed to this cart it may, wben yoked, be onen 

founS usefol as a watercart, either for the transport of water, from a difltait river, well, or canal, 
or it may be ftpplied to water nxula aud Btreets. 




Fig. 25 represents the portable fann railway of W. CnwakUl, wtuch may Bometimea be of tue to 
coDtractorB, engineets, oi builderB, 

Fig. 26 repreBenta an improved horse goir or horso-power for driving mnchinery ; it has a 
Bbong cast-iron bed-plate eapporting the bearings of the borizontsJ ground shaft, and the step for 
the vertical abaft. To prevent accident, and as a protection f>om dust and dirt, the wtiole of the 
eearing, and working paxta, are encased by a cast-iron dome cover, secured to the bed-plate, by acrew 
bolta. The main top bearing ia adjustable by eet acrewa, no aa to ensure uniformity of we&r, and 
stesdinera of motion. 

Fig. 27 representa the booe-rasping and grinding mill of Tickaley, Sims, and Co. It is simple 
In construction, strong in its working partu, and produces at the first operation, 25 per cent, more 
duat than the ordinary bone mill at present in use. 

The working proceea is aa follows : 

Unbroken bones are thrown into the hopper, fall upon the cutting bed, and are pressed by feed 
nuna againat the teeth of revolving cjlindprs in rapid motion. 

The reduced bones fall into an osclllatiiig or revolvijig riddle, attached to the mill, in order to 
•eparate them into the two uaoal qualities, namely, duat and half-inch bones. 
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The coarser pottiooB of bone, which do not paaa through the riddle, are then, by means of 
elevators, thrown agsin into the hopper, and re-grouod with the unbroken bonea. At the flnt 
operation the following proportiooa ate obtaineil : — 

Dust 45 per cent, of the entice quantity ground. 

i-inchbone . . 30 „ 

Coanicr matter (to be re-ground) 25 per cent. 
This mill ii adapted for grinding everj deecription of bones, irrespective of siie and quality. 
The feeding of the mill is regulated alternately by the driving abaft, and by a counter balance- 
weight placed beneath the mill : by this contrivance, the bones are pressed Bgainst the cutters 
without any undue strain being thrown on the working parts, and the posaibility of breakage is 
diminished. 



u 



AGBICULTUBAi IMPLEMENTS. 



The mill tiBB an apuratuB attached, for pawing amall pieces of iron which nui; aeddently get 
into tlio hopper with the bones. 

UnuBu^ fsf ilitiea are given for keeping the cntters sharp and in working order, as they can be 
readily disengaged, shmpened on a grindstone, and replacea in working order by any intelligent 
labovier. 

Direction for Proptr Pm,— The mill sbonld be aet level upon a Bolid foundation of stone, and 
secured by means of screw bolts. 

The caps cm the bearings should be firmly screwed down, merely leaving sufficient play for the 
shafts to revolve without unnecessary friction. 

The driving strap should be placed tightly upon the driving pail^, aod the mills driven at the 
following speeds : — 

Ill I.I:.. '-'ionsamin. I 8-horse power mill, 150 revolutions a min. 

„ lO-horse 



le power mill, S 
4-hniBe do. 2 
6-hotBe do. 2 
The oil boxes on all the shafts should i> 



I 12'hi 



125 



>e kept well supplied with oil. 
Wheu (he knives require grinding they may be readily removed from the cylinder, by using a 
key of { steel as s. drift ; this opeiation is performed by balding one end of the drift against the 
raoall eud of key, which keeps the knives in place, and striking the ether end with a hammer until 
the kev is hacked sufSciently to be withdrawn : by this means the Bpiral segment which keeps the 
■ ■ ■ ' ' ■■ - ■ ' • rated, and 



knives in place can be disengaged, and when the segment is n 
may' ' 



betakt 



e Uberatei 



In replacing the knives, care should be taken that the keys are so driven in, that they may 
clear the frame at the head and point, and the knife edge should pass the cutter bar without 
touching. 

The knives should he ground daily, aa upon their sharpness depends the satisfactory working 
* quantity and fineness of the dust Drodutt ^ 

As the knives wear, they should be kept up il 
neatb them. 

Before starting it is desirable that the mill be inspected, to see that all bolts and nuts, are 
Hecure, and the knives firmly fixed in their places, and that the cylinder has sustained no injury 
in aprevious operation. 

The chief aims of the application of mechanical power, as a substitute for manual labour, are 
to effect improvements in the results of labour, and to render them leas expensive. The use of 
the hand-dftil to separate and detach com fmni its ears is now pretty generally superseded by the 
thrashing machine, which, in its main fentures, may be called a contrivance devised to supersede 
by mechanical means the use of the hand-flail, and tlius to economize at the same time both lime 
and labour, aild secure a less wasteful mode of separating the com and chafi' from each other. A 
thrashing machine essentially consists of a rapidly revolving cylinder, with raised edges or 
beaters parallel to its axis and standing out from its surface, llie cylinder or drum is covered by 
a concave surfsee at some two or three inches distant from the surface described hy the edges of 
these revolving beaters. A feeding board extends radially and horizontally outwards from the 
cylinder, and near its termination are placed two feeding rollers, which, in revolving towards 
one another, not only rapidly draw the straw forward, but also hold it from going too fast, which, 
under the action of the beaters, would be Imble to happen. The beaten straw, with the chaff and 
grain Ipng loose among it. is delivered on the floor behind the cylinder, and the operations of 
separation by fbrk, riddle, and fanner may be afterwords performed by hand ; but m the more 
improved modem machines these operations also are efiectimlly done by mechanical oontrivancea, 
usually, so connected with the thrashing niachino as to operate with it at the bmm time and by 




e motive power. The annexed woodcut, Fig. 28, represents a portable, combined, single 
blnst thrashing, atraw-ihaking, riddling, and winnowing machine, oonsttucted by Ficktley, 
Sims, and Co, 
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Mau^ minor improvements in affricnltnnl implemento have been Tecentlj made. We Insert 
brief descriplioDH, illoBtrated bj' woodcate, of some of the most useful. 

An improced Ox-yo/K.—Tbc mortise through Iha bow of an oi-joke greatly weakeiiB the bow, 
and titc key sametimeB gets misplaced, and even lost, although attached to the yoke by ll leather 
thong : the thong may break, nad josl when the key is most needed it becomes of no practical use. 
To remedy this is the design of the 
improvement shonn in Fig 29. Two 
hinged (dates are seciu-ed to the top of 
the yolre, as shown in Fig. 29, the free 
eods engaging with notches cut in the 
bow, and holding them securely in place 
until they are forcihly raised by hand. 

S/uep Shtar. — Fig. 30 represents an 
itapnnnd shctp ihtar, the movable cotter 
A pivoted to the &ce of the stationaT; 
cutter B, which is divided into fingers, 
or ban, each one presenting a cutting 
edge to the action of the movable 
blade. A slot in the free end of the 

5 ring handle, and a screw in the end 
the vibrating cutter, with a slop on 
C, on the opposite side of the plate 
B, governs the throw of the blade. 
The forks of the plate readily enter 
the matted fleece, thus facilitating the 
operation of shearing, and the action 
of the blade ensures a drawing cut, 
reqairing less power and producing a cleaner cut than ordinary shears. The form of the cutter and 
its throw can be regulated to suit any hand ; this implement may serve also for clipping horsee. 

A mtgon, the contents of which could be readily emptied or discharged by its attendant, has 
long be^ a requirement, not only upon a farm, but more especially in the greding of streets, 





alio, eompar»tively speaking, involvedgreat loss of time. The wagon, repiesanled in Figs. 31, 32, 
appears to be effectually aecuted in diunping. The essential features of the invention will be 
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mdny mtdentood bj a refereiiM to the oats. Tbi« wsgon ooDaiats of a bns, ot body, oompcaed of 
aepanle sectione ansngod in line with each other between the longltDdlii&l Eidee, or b«d-pieoes, 
of the wagon frame, each aeotioa being pivoted or nupended npon these bed-pieoes by eoilabla 
latetall; prajectiog trumiiona or pivots, bo that it may be placed in a horizontal pnaltion to held 
the matenaJa, or it may be tilted with its open or rear end downwards to discharge the materials 
tbeiefrom. When the sectiotu aro all in a horizontal position, aa shown in Fig. 31, the seotloDB 
are conneoled by suitable latrli-ptecea, or Mtohea, at their eidee. In suoh a way as to be flrmly held 
in plfioe. These sections may be filled by shovelUng, or other means, in the same manner ai an 
ordinary wagon or <»rt box. When it is desired to dump or diaoharge the load plaoed npon the 
wagon, the several sections enrnpostng the box are disconueeted, and the seations axe tilted 
■B before mentioned, and ahown in Fig. 92, wliereopon the materials drop from the seotiaDS 
by their own gravity, and the sectiona are oonaeqasatly emptied with great speed and fiudlity. ' 

Tin Chatmonait.~¥oi the 
oonvenienoe of snoh agrieul- **■ 

turists as are in the h^it of 
making wine, older, or perry, 
we give a cut. Pig. 33, and 
short deecription of a veiy use- 
ful preea known as the Chdtil- 
(cnaia, and highly eeteeroed ia 
France. The mechanism is 
placed 00 wheels, and the ma- 
chinery for pressing is below 
the trough. The pressing is 
so performed that &ee pasaaee 
is given to the screw ; the 
ratchet braoe A, placed Upon 
the handle of the axis C, is pro- 
vided with 14 crank-bandies, 
and by means of C movee B, 
which haa 90 teeth; the axis 
of the latter cejriea a conical 
cog-wheel with 10 teeth, and 
this wheel gripe into the large 
wheel D provided with 102 
teeth ; the multiplication is 
therefore 6-43 X 10-2 = 65-586, 
that is to say, that the screw 
makes one revolution for GS*SS6 
strokea or revolutions of the 
handle. The average diameter 
ofthesorewis0-10i5, audits thread ia 25; this gives for the LQcHnation of tho thread a = 4° 30', 

The radius of the handle is 0" 40 at most, that is to say, L = 0-4, r ^ 0'05075, n = 65-586, 
a = 4° SO', and v = 5°42''40. If these flguxes be substituted in the gtuientl formula vre have tha 
follovting result :— 




P = Fx. 



X 65-586 X T 



^ = 1651-5 F. 



" 0-0507S " *" «™ " ig i(f>u'io-+ vaat-jSPiTio" " 

Place for F 15 kilogrammes for one man, or in all 30 kilogrammes, F = 49545, and, neglecting 
AictioD, we have at least 40,000 kilogrammes of useful work. 

49-54Skil. x 0025 

65-586 x27r x 0-1 x SOkil. " "'"■ 

When the friction is taken into consideration, we haveonly 0-207, orabont 21 percent. 

The improned Seaper of Messrs. Hoaard.—la this reaper. Fig. 31, double Concentric cams are 
employed, the one for directing the motion of the gatherers, and the other for guiding the rakes: 
the former tieing caused to drop down into the grain, in order to bring it up to the cutters, and then 
to rise again, so as to dear the cut grain on the platform, which is removed by the rakes governed 
by the second annular or concentric cam. The platform ia hinged to the centre, by a kind of drag 
bar, and the delivery is effected by a centre] shaft, which ia driven ^.a pitch chain, thus enabling 
light gearing to be used foroperating the cutter bar. The mower of Messrs. Howard, also, possesses 
sever^ improvements, amongst -nbich we may point out, a simple mode of lifting and varying the 
angles of the cutter. The " Clipper Mower," which we illnstrate, has many peculiarities. The 
pole is independent of the draught, aa the tractive strain is exerted through a sliding attaohment 
on the under side of the pole, IJy this system there is a tendency not only to draw the machine 
directly forward, but ot the same time to lift the shoe off tlie ground. The inside shoo and its 
attaobments are so arraaged that the fingers end knives can be changed from a level cut to an 
angle of thirty degrees, while the machine is in motion. 

Co/nin't Otm-milking ifocAin^.— Tho engraving. Fig, 35, represents three oow-milking machiDC*. 
operated by power, and attended by ono man ; two of these mocbinea are shown, each milking a 
cow, and ono exhibits the milking completed, and the cow turned back out of the way, so that the 
cow that has been milked, may pass out to make way for another to come into the stall to be 
milked, so as not to stop the power -nbile changing the cows. The stanchion is the same as any 
ordinary stanchion, with the exception that it opens out, to let the oowi pass lliroagh, and facilitates 
the changing of them ; in this manner, cows can hn very quickly brought to the machine. Tha 
operation occupies less time than it would take to go to the cow in the yard, or stable ; the cows 
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Boon leun to ccme to the nuobiae if fed a few timea oliile being milked, or by bein^ entioad 
thnniKh giTiag tbem some «alt. The milk is conducted by anitable tubing into lai^ cana p&rtially 
nmk in the floor; three machines are sufficient to milk eiity oova in the time it would take six 
men to milk them by hand. The moving power is imparted to the machinea by hand, by a d<% 
Tunning in Buitable gear, or other prime mover. The milkers are worked by pumps, the pistnns of 
which are driven by power ; they aje attached by a jointed iron pipv to allow of the movemeDl of 
the oow forward, backward, or sideways, always adapting itself to her motions: the teat-cups are 
made of cormeatcd india-rubber cloecly enveloping the teats and will fit any cow. The pumps 
oaoiliato in suoh manner as to give the natural motion of a calf socking, oi to impart the motion 
of the human hand while milking ; the smoe between the elastio djapbiagm in the milker aud 
the pump being flUed with water, which in working the pomps, oeoillateB in the tube, and 
prodneei a vacuum at each alternate rtroke. By the working of thii machine it ia elott that 
no dost nor any di/t can fall into the milk. 




nMhiaa ia made of folid «l 



M asle being ibong ii not liable to bttid. The tinea are well 
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formed, and the forward actioa of this Implement or machine effects * complete wpifstion of 
the graaB, vhilo its back-action letiTes the crop light and looae. The fork barrels are so an»Dged 
aa to render cl<^g;inK almost impossible : the forks are mowited in sets of tliree, and placed in a 
lig-zag position ; thia arrangement equalizes the work, while it separates and distribates (be 




crop. The machine shown in Fig. 36 is fitted with a wire screen to prevent the gram frota 
lodging on the front. The usual method of reveisiDg the motion of Bui^h mBcliineB has hitherto 
beeo, either by loose sliding pinions operated by means of clutches on the fork barrels, or by 
sliding the fork barrels themselves ; this last plan baling the disadvantage of altering the relative 
positions of the forks, and rendering the machine liable to clog. In Howard's haymaker, the geai^ 
work is strong and simple, and the motion can be changed in an inatant to the backward or forward 
~ " n by a simple eccentric movement of the main aile, and thus the diaadvantagos above pointed 
— i._._i_i > _-_.-.._ .. ... .. .-J gniploycd to raise or lower the fork barrels, so 



I obriatea. A similar eccentric moTement ia 




as to adapt the maehine to the nature of tho crop. When the forka are set for the forward act 
change is required when the backward action of the machine has to be brought into play. 
Fig. 37 represents ffoicard'i DoiAltiKtKn HaynuUca- daigned for tm hartet : the wire Ki 
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prevent the grass from lodging in front may be applied to this machine in a similar manner to that 
shown in Fig. 36. 

To prepare the machine for work, take off the travelling wheels, grease the axles, see that 
the gearing is clean, and supplv a liUle of the 6^9^ machine oil to the two oil holes in each fork 
barrel and in each side plate. When the machine is in work, the axles must be greeised and the 
gearing cleaned once a-day, and the fork barrels and side plates oiled two or three times arday. 

For the first tedding or breaking the swarthe, the forward action should be used. To put 
the machine into gear, move the lever opposite to the letters ^* F A " on the side plate. It is 
generally better to work the machine across the swarthe, as it spreads the grass more evenly. 

The backward action is to be used when the grass is partially dried, to lighten it up, and 
thoroughly expose it to the action of the sun and air. The backward action may also be used with 
great advantage for opening windrows. 

The machine should be raised from and lowered to the ground to suit the state of the crop ; 
the heavier the crop is, the higher the fork barrels should be. To alter the height of the 
machine, move the lever fixed to the end of the shaft bar. When working with the backward 
action only, set the machine near to the ground. 

When the single haymaker is operated with, the best method of raising or lowering the fork 
barrels is as follows : — Close the fork-heads, raise the shafts gently till the heads rest on the 
ground, and then slacken the handle-nuts until the bolts can be raised or lowered into the 
required notch. 

Should any of the parts of the machinery shown in Figs. 38 to 49 be accidentally broken, or 
require to be removed, they can be supplied separately and detached. 

Fig. 38 shows the off side eccentric ; Fig. 39, the covering plate ; Fig. 40, centre star and 
barrel ; Fig. 41, side star with pinion ; Fig. 42, wheel ; Fig. 43, fork head casting for spring ; 
Fig. 44, fork head casting ; Fig. 45, loose pinion ; Fig. 46, near side eccentric (outside) ; Tig. 47, 
near side eccentric (inside) ; Fig. 48, side star ; Fig. 49, wheel box. 




One of /fotrard** fforse-rakes is shown in Fig. 50, and is intended for raking heavy meadow 
crops, and for windrowing. Although this rake is of a large size, it is within the power of one 
man, and may therefore be used for general purposes. It can be fitted with a pole instead of 
shafts, and it has been found to leave the hay and com in a looser or less compressed state than 
rakes of smaller size. These rakes have from 24 to 28 steel teeth each, the wheels are 42 inches 
high, the extreme width between the wheels from 7^ to 8^ ft., the heaviest of these rakes does not 
weigh more than 5 cwt. 

Fig. 51 shows a horse-rake on the same principle, but made so that the shafts can be readily 
removed to the end of the rake, by which means the implement can be drawn endwise through 
gateways or along narrow roads. This form of hay rake is well suited to mountainous districts 
where roads are narrow. 

c 2 
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On thi ApplioaHim of SUam-Poaer to CW(i*Ritimi.~ThiB article U taken from a paper publiahed 
in the ' Proaeedinn of tbs Inirtitute of Hechanical Engineers, 1865-6,' the joint prodaction of 
John Fowlor uid David Oreig, of Leeds. In congidering the mechanical problem to bo solved 
in the application of steam-power to agriculture, it is reanimtc before referring to the design 
of anj particular machine to eiamine the general pmciplea on which the application of me- 
chanical power to cultivation can be best effecteid. To do this effectually, it ia neoeBauy to 
•■certain the nature and extent of the difficulties to be overcome, and these may be stated to 
be the following : — 

I. The irregularitiefl <^ level in the mufaoe to be acted upon. 

n. The varying pasitiona of the macbicer; opon the ground rendeifd neoeaBary as the work 
proceeds. 

m. The difficulty of getting heavy engines of Euffloieut strength moved abont where no roads 

IV. The piodDction of a tope of sufflcieut strength, hEudness, and elasticity, to stand the work. 

V. The changes in the state of the soil &om effects of the weather. 

I. The &nrt ide« vrhich naturally oocms in 'applying steam-power is that of attaching the 
motiTe power direct to the implement, as is done in the case of horses. But experience has proved 
that the power required to move a steam-engine over land, of sufficient power and weight for 
traction purposes, is quite impracticable, from the fact that such an engine would weigh at 
least 12 tons, and would in many cases absorb as much as 30>horse power in the mere act of 
moving itself at the rate of 2) miles an boor. Moreover, when the land gets at all wet and greasy 
on the top, it becomes quite impossible to mate sudi an engine travel over the soil ; while, more- 
over, the compression caused by its tniTelliug over the land would in most cases neutralize the 
ftood otherwise effoctad by tha cultivating implement. Under these cinunutanoes it becune* 



AGBIGULTUBAL IMPLEMENTS. 



klaolatel; neoesBuy to ocmfe; thft powet o 

ftllowing the prime : 

The use of wire 1 . 
Cboaea, atteadcd with gi 
geoeniil; applied. The flrat Byatem 
poaitiou at the ''' " -^ .>.- 



the Bor&ee of tha land bj meau of a rop«, 
. firet with great difflculty, and was, from varioiu 
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leading the rope all round the margin of the fleld ; the two enda of the rope were attached to 
two wioding dnmu at the engine, giving out and tahing in the rope alternately, and the plough 
oi cnltiTatiDg implement Iwicg attached to the middle of tbe rope was hauled backwards aod 
forwards acHwa the fleld. This rectaDgular arrangement involved a greet deal of flitng machinery 
in the field before eommenciog operationa, including fixing the engine aod windlasa, fiiiog a 
pDlley or snatchblock at each of the two comers of the field nearest to the engine, and a large 
number of rope portera, or earning pulleys; it also entailed two movable anchora, one at each 
end of the line of tiaversu of the implecaeat, which bed to be shifted by some means each time 
that the tiaverae was revened, so as to lead the implement iolo a fiesb tine. In Fig. S2, D is the 
engine, B £ G J L M are rope porters, C the windlass, A and F pulleys. H U movable anchors, 
K the plough, and Z Z stationair points. The general construction of the rope poiteis is shown 
in Figs. 53, 54, 55, 56, 57, 58. Figs. 53, 51, 55, show the larger kind oaed fot the permanent linei 




of rope, and Pigs. 66, 57. 58, show the b , ._. 

wbicn ue withdrawn and placed again by boys as the implement passes a 

employing such an arrangement of tackle, uie oonsidaration of the oompliotion of the parts, ths 
Btunenos pnlleys and Grequent bending of the rope over the pulleys, which were of neceasitj 
toall in diameter, and tbe great time required for fliing the apparatus early led to the ooncluiioQ 
that such plan of applying power conld not prove penoanently suocessful, and so it is now niper- 
seded by more direct and simple arrangements. 

The second mode of using wire-rope, shown in Fig. 59, was merely a modification of the first, 
and consisted in placing tbe stationary engine and windlass in the centre of one side of the field, 
and leading the ropee away diagonally across the field to two movable anchors placed at each end 
of the line of traverae of the implement. A peir of horizontal leading pulleys attached to tbe 
windlasa allowed the rope to pass off at the varying angles which the progr««a of the work 
reiiuiied until both the movable anchors came in a straight line with the windlass. By this 
triangolar plan tbe two fixed pulleys in the comer of the field, in Fig. 52, were ditpenaed with, 
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and fallj one-fourth of the rope with its requisite porters was saved. This arrangement was a 
great improvement on the former, and the encour^ement that it elicited led to a farther step, 
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which suggested the important principle on which all subsequent machines have been constructed, 
namely, that of direct pull. 

. In Fig. 59, 1 is the engine, 2 the windlass, 3, 4, 7, 8, 9, rope porters, 5, 10 movable anchors, 
6 the plough, and z. z. stationary points. 

The third plan of working with rope, with direct pull upon the implement, is shown in Fig. 60, 
and consisted in placing two horizontal winding drums under a travelling engine which moved 
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slowly along the headland of the field, keeping always in line with the work. The travelling 
motion was obtained by means of a pinion gearing into a large internal toothed wheel fixed upon 
one of the carrying wheels of the engine, and connected to it by a friction clip to prevent any risk 
of injuiy from overstrain. The lope was stretched from one winding drum of the engine across 
the field to a movable anchor on the opposite headland, and then back to the implement to which 
it was attached, and another rope from the other drum was also attached to the implement. 
The work was performed by the engine winding up one drum as it gave off rope from the other, 
the implement oeing thereby pulled backwards and forwards across the field. 

In Fig. 60, a is the engine, bcdefh rope porters, g the movable anchor, k the plough, and z 
stationary point. 

The movable anchor is shown in Figs. 61, 62, and consists of a carriage with a horizontal 
pulley. A, mounted on it, round which the hauling rope, B, of the plough worked while the sharp 
edged carrying wheels, C, entered the ground and resisted the side pufl of the rope. The anchor 
carriage was moved forward each time of changing the direction of the implement by means of a 
stationary rope, D, stretched along the headland and made fast at. the end, as shown in Fig. 60. 
This ro^e was attached to a small drum, E, on the anchor carriage, and a slow motion was 
communicated to the drum from the pulley, A, by the two pair of wheels and pinions, F being 
thrown into gear, the anchor carriage thus pulled itself along the h^etdland a sufficient distance 
each time, so as always to keep in line with the implement and engine. The box, G, on the 
carriage was weighted sufficiently to serve as a counterpoise to the pull. 

The experience gained in this plan of working showed that tlie principle of direct pull of the 
eng^e upon the implement was the correct one, but the cumbersome arrangement of the two 
winding drums and the difficulty of coiling the whole length of rope required for reaching across 
the field, together with the crushing of the rope arising from the soft material of which it was then 
made, and the small diameter of the drums necessarily employed, indicated the need for a still 
further modification in the apparatus. The next step was the employment of an endless rope 
stretched across the field, as in the preceding case, with this difference, that the power was now 
communicated to the rope by friction instead of by winding on and off a drum, as in the plan last 
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oreroome the reautance of the work In order to meet the TEUutKns m the length of the mpa 
oocasioned by the irregulantiea in the bonndtuy f the field, tvo light bturels worked by bond 
were mounted on the cultivating implement to whioh both ends of the rope were attached, and b; 
these bairelfl a portion of rope waa let out or taken up by band as required to keep it at the 
proper degree of tightness, n hen new, this apparatus worked very well, but the wear and tear 
of rope from its numerous benda, and more especially from aaotbec cause, which required some 
time to derelop itself, rendered it necessary to abandon tbia plan. This great difficulty was the 
impowibilit;^ of keeping the eight groovea of the driving drum all of equal diameter. The two 
leeding grooves were found to oe ^waye wearing at double the rate of the otbers, and all the 
grooves having to revolve at the same rate a cooHtant surging of the rope was occaaiooed by the 
difference in speed of the circumferenee of the different grooves. This involved deatnictivo wear 
ot the rope and lose Jiom friction, and every revolution of the dnuns eouaed a further grinding 
away, thus increasing tbe errors in the diameters of the grooves. As an instance of tbe deteriora- 
tion thus occasioned, it may be mentioned that the apparatus got into so bad a oondition that the 
engine codd not perform one-half the work that was done by it when new. 

These evils led to a modification of this plan of driving, by the employment of a singla 
driving drum with two ^-gioovea, vi shown at 0, Figs. 6S, titi, round which the rope was made 
to take two three-qnarter turns, one in each groove. This was effected by nsjng two guide 
pnllejB, D D, one on each aide of the driving drum C, which transferred tbe rope from one 
groove to the other of the driving drum. In this case, as there was only one driving dmm with 
two grooves in it instead of two drums vrith four grooves in each drum, the wear and tear were 
gicaUj diminished ; and tbis plan of apparatus, although retaining to some extent the evils of 
Uie former, is still working snoceaafullv in several places. The objections atill remaining, however, 
are the number of bends to which toe rope is subjected, and from the grip on the rope being 
obtained by its forcing itself into the \/-grvove by the tension pnt npon it, serious wear and tear 
reaalt. In this case there is a compound surging, for from tbe point where the rope first tenches 
the drum, the pressnrc, forcing the rope into the groove, increases as the rope passes round the 
dram, cawing tbe rope to lie deeper in the giooTe, whereby it virtually lessens tbe diameter of the 
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dnun, in oonsainenoo of which the rope mnit k«ep on n^ing miwtijt at the Mtne tune tMt it 
Binkg deeper into the gtoova. Although these moveotenta are so Bmall as to be imperoeptible to 
the eye, the; are actually taking place continually, and the result ia eerioiu veai and tear from the 
continuous grinding motion over the whole rope in Bocceaaion. 
The clip drum u shown in Figs. 67, 68, 69, 70, 71, 72, 73, 7i. 







The ■ 



facilitate the lequirad a 

The clip drnm conmata of a aeries of jaws or clipa, A and B, hinged round the circumference of 
the dmm dose together in a continuous line, forming a oompleto groove, in which the nwe C 
workfl. Each pair of clipe in Bncoeaaion, as it pessee ronnd to toe point where the pi^Mura of the 
lope npon the dnun comnieDcee, oloeeo and eoizea bold of the rope, as shown in Fig. 70, and 
oontiiinee to grip the rope throughout the half revolution, until leaohiug the paint where the rope 
begins to leave the drum, when the clips fall open, as shown in Fig. 71, being relieved from the 



AGRIOXJLTUBAL DffPLEMENTS. 26 

presBuie of tho rope. The amount of grip Ib in all oasea proportionate to the pnll upon the rope, 
and such as effeotuallj to prevent any slipping. 

The only provision requudte to suit the clip dram for working with any size of rope is to 
adjust the width of opening of the clips to the particular diameter of rope to be driven, by 
widening or contracting the distance between the centres of motion of each row of clips. This 
adjustment is effected in a very simple and complete manner, by having the lower row of dips, B, 
centred upon a ring D, Figs. 70, 71, which forms the ciroumferonoe of one-half the depth of the 
drum, and this ring is screwed upon the body of the drum by a thread chased round its entiro 
ciroumferonoe, so that bv turning the ring round in either direction the distance between the 
centres of the upper and lower clips is simultaneously increased or diminished in every pair to 
exactly the same extent, all of them being kept in ^rfectly parallel positions. The ring D is 
held in the desired position by the bolt £, Fig. 71, which prevents it from turning. 

The lower dip, B, of each pair having a heavy overhang^g lip, F, on the outside, is enabled to 
lift the upper dip. A, by means of a small finger, G, projecting from its inner end, and pressing 
upon the tail of the upper clip, so t^t the clips always remain open until receiving the pressure of 
the rope, and they fall open again, and release the rope the moment the pressure is withdrawn. 
The stop H on the upper clip, coming in contact with tne body of the drum, prevents the clips from 
falling open too far. Figs. 72, 73, 74, show the bolts that serve as keeps for holding the ends 
of the pins on which the clips are centred. 

The action of the clips is similar to the dosing of a hand upon the rope, laying hold at once so 
firmly that the rope cannot slip, and retaining this hold uniformly until the rope is released 
altogether by the opening of the clips, so that Sil friction or surging from an imperfect hold is 
avoided, as well as anv shifting of the rope at the beginning and end of its contact with the drum, 
such as is inevitably the case in roimd or V'^haped grooves ; at the same time, by means of the 
ring D. on which the lower row of clips are centred, the hold upon the rope can be adiusted to any 
derared amount, according to the power required to be transmitted, and it can be absolutely 
depended upon when once adjusted to continue working uniformly with the same amount 
of hold. 

An important practical advantage found to result from the working of this clip drum is that 
the rope is subjecti9d to a continual pressure upon its sides whilst passing round the driving drum, 
thus avoiding all tendency to the rope of being flattened by the pull, as in an ordinary round 
bottomed groove, where the pressure of the rope is upon the bottom of the groove only. Also the 
groove in the dips being so curved as to fit the rope closely round a considerable portion of its 
ciroumference, the pressure preserves the form of the rope, and serves to consolidate it by 
continually closing down all protruding wires, and preventing the deterioration of the rope by such 
parts being caught in passing the subsequent guide pulleys. In the working of this apparatus, it 
will be seen, from Fig. 60, that one-half of the total length of rope is never in contact with the 
driving drum, the other half alone being passed round it backwards and forwards successively ; and, 
in many cases, the actual result has been that the portion of the rope which passes round the drum, 
and has all the work to do of transmitting the hauling power, has lasted longer than the other 
portion which has no such work to do, but is simply exp^ed to the bend round the pulley of the 
movable anchor on the opposite headland, the friction from the guide pulleys being exactly 
the same in both cases. Another important advantage is that no tension is required upon the rope 
leaving the drum ; all that is requisite is that the rope be taken away, and not allowed to kink. 

It may be remarked that these advantages of the clip drum render it specially adapted for 
use in other positions where a rope is the m^um of conveying power, and the saving that it has 
effected in the wear and tear of the rope employed in cultivation has been fully corroborated by 
the result obtained in its use for other purposes. 

The second point of difficulty for consideration is the continually varying positions of the 
machinery upon the ground rendered necessary as the work proceeds, in consequence of which it 
is necessary for some means to be provided whereby the ropes will admit ox the two extreme 
points being moved nearer together or farther apart as the varying boundary of the fields may 
require. With a pair of winding drums this is easily effected, by not allowing the unwinding 
drum to begin by giving off rope until the rope becomes tight in each case. For this purpose a 
heavy break has to be applied to the paying-out drum to save the rope from trailing on the 
ground, for if the rope is not kept from touching the ground a serious loss of power is the result, 
as the difference in draught required to pull a rope lying on the ground and one properly 
carried is as much as ten to one. Hence it oecomes a very important point that the rope should 
be efficiently carried off the ground. 

Figs. 75, 76, show the construction of the compensating break that is employed* when a pair 
of winding drums are used, so as to compensate for changes in the length of rope that is required 
as the work proceeds. The winding dnun A is driven by the pinion B, which is coupled to the 
driving shaft C by the dutch D, but the driving shaft is geared to the paying-out drum £ by 
means of the second shaft, F having corresponding pinions at each end, so as to allow the two 
drums to run in opposite directions. The two pinion shafts, G and F, are however made to revolve 
at slightly different speeds by the two outside pinions, G and H, that gear together, being of 
different size, the pinion H being one-ninth smaller than the other, and consequently the paying- 
out drum £ is compelled to revolve one-ninth slower than the winding-drum A. This causes the 
slack in the rope to be all taken up by a few revolutions of the drums, and further strain on the 
rope prevented by the pinion G being connected to its shaft by a friction-break, I, so that it is 
allowed to slip on the shaft. The rope is thus kept constantly stretched tight by the friction of 
the break T. 

When the endless rope and clip drum are employed for working the implement instead of two 
winding drums, a very ingenious and efficient plan is adopted, whereby the rope is kept tight 
withput any loss of power, the slack of rope is taken up or more rope is given oS, as the field may 
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nqnife, hmI tbe imi^ement eannot be started tmtil the rope be tight. This u effected bj mesiu 
of what is teimed the slack gear, wUcb ia ahown ia Figs. 77, 78, 79, 80. It innsiats of two 
mail bairela, A and B, mount^ on the plough and connected bj gearing with a relative ipeed 




of fire to one, m that the pnlling rape C in drawing olT one foot length of rope from the faunl A 
winds up 5 ft. of the slack lope D on the other barrel B, until all the slnck is taken up. The 
implement then starts at once, when the rope becomes tight, and on its arrival at the other end of 
the field the act of the man taking his seat at the other end of the implement reverses the action 
of the barrels, so that what was the slack rope barrel B, becomes the pulling one, and via versa. 
The driving of the hurels A and B is effected by a pitch-chain E, which passes over a wheel F, 




of \atgo diameter, an the pnllins-'barrel A, and over another, Q, of one-fifth the diameter on the 
■lB£k barrel B, a second chain H being placed on the opposite side of the banela, working over a 
pair of wheels of oorrespimdiiig siiM to the former, but reversed in their relative posituHU. The 
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■elf-ectiDg lerers Eind clutchoa, L and M. are both kept ii _ 

geai alternately by the act of the man taking his seat upon llie Beat if, Figs. T7. TS, first b1 

uid then at the opposito end of the plough, and by that meanB pullint; the md L or H. The same 

action is thus obtaintd in whichever direction tlie implement is tiavellioK, one of the cbainB E or H 

with its pair of driving wheels being always kept in gear with the rope barrele whilst the other 

ia out of gear. An advantage arising from the nse of the Black gear is the elasticity tberebj 

afforded to the n>pe, Bhould the piogreaa of the implement be obstructed by ita coming in contact 

with Btonea or roots in the groiind: in this case, the rope not being absolutely tight, has a 

margin for taking np further alack, which acta as a spring easing the strain caused by stopping 

the implement suddenly. The third difflculty to be conBidurcd is that of getting heavy engine* 

of euffloient strength to be moved about over the ground where do roflds eiist. 




This has been a serioos drawback to the introdactioD of steam cnltivation, and one which has 
led to more breakage of tackle and machinery than all the action of the machinery in performing 
its work of cultivation. Two causes have contributed to this result, namely, a mistaken idea at 



the fall steam-power, and then increasing the width of the carrying-wheels to such ai 
ensure carrying the engine over the tusvicst and wettest fields. The other mistake was that the 
speed of working on the road-wheel was not reduced sufficiently so as to allow the engine sufflcient 
leverage to get out of any difficulty it might hap[ien to get into, and the want of judgment on the 
part of the men using these machines, often led to Ihcir being put in places of onneceesary diffi- 
culty. The first of these mistakes hEM been met by making the machinery bo strong that the 
steam when full on is the weakest part of the whole machine. This has naturally led to great 
weight, but that is no real obstacle, provided the csnying powor of the wheels is increased in 
proportion to the increase of the weijj-ht to be csrried. In fact, the weight is an advantage 
m steadiness for working, so long as the machine can be kept Atim sinking too much into the 
ground. 

Carrying-wheels are now being made for special pnrpoeos as much as 30 inches wide on the 
lim, as shown in Figs. 81, 82, where the dotted lines A A show the portion that is added to 




the ordinary 20-inch wheels B B, and these wheels have been proved to carry a 12-too engine over 
ariy land in a fit stato of cultivation. The wheels are driven, each separately, by mcauB of a 
&ictiDn-clip C, which prevents any risk of breakage from eicessive strain of driving, the abaft D 
being driven by the pinion and spur-wheel E. 

The next point was to reduce the speed on the drfvlng-wheel, so as to give the ei^^e sufficient 
leverage to get out of any difficulty : and for this purpose two different driving speeds are provided, 
one giving 2^ miles per hour and the other only I mile per hour for travelling, when the engine is 
working at its full speed of 140 revolutions per minute. In order to obtain sufficient adiesion 
under specially difficult circranstances for the eiertion of the full tractive power of the engine, the 
additional provision has been made of temporarily fixing transverse T '""^ by mcara of bolts 
upon the runs of the wheels, as shown in Figs. 81 and 82. With regard to the men. time and 
experience, combined with the extra work caused to them by getting into difflcultiea, are the means 
of gradually ledaeing the difficulty arising from want of judgment on their port. 
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in the previoiu plan of working shoim in Fig. GO, Each engine in provided with & dip-dram, 
which is essential to carrying out this aystem of cultivation : Eind the rope ia worked as an endleM 
rope between the two engines by having both its ends attached to the cultivating implement. As 
lli6 power or both engines is applied at tbe same time to the ropt' in each direction, the heaviest 
clau of operatione con be perfonn«d by them ; and the loas of power in working the rope ia very 
much lessened by the fact that both lines of rope are always in effective tension, imd are thereby 
well carried with half the Duniber of rope porters. Another advantage derived from the adoption 
of this plan is that the engines are better adapted for the other work of the farm, as the farmer 
has then two engines of 7 or 8 horse-power instead of one engine of 10 or 14 horse-power ; and bj 
having two of them a regular aystem of cartage on the farm can be carried on, the engines being 
q)eci^ly arranged for traction purposes. 

In I*^. S3, A, K, are the engines : B, B, B, D, rope porters ; and C, the plough. 

The fourth diSlculty to be Burmounled was the production of a rope oC suffirient strength and 
hardness, oombinod with elasticity, to stand tbe required work ; and this was a very serions point, 
as the inability to accomplish it nearly upeet at one time the profitable emptoymant of steam 
cultivation. 

The first rope used was made of iron wiro : bnt it wm worn ont so quickly, riot doing so much 
ae 200 acres, tnat it soon became evident Bucb material would not stand the strain arid frktion 
attending the work; whilst by increasing the strength of the rope its weight was so much 
increased as to consume netu'ly the whole engine-power in overcoming its friction. These diffl- 
cnlties became so serious that great exertions were made to get a rope of steel sufliciently hard to 
stand the wear of trailing on the ground and also the friction caused by coming in contact with 
the nnmeroua pulleys of the machinery then employed ; and in 1857 two steel ropes were applied 
which answered the purpose admirably, and performed with the then imperfect machinery upwards 
of three times the amount of work tc^t was done by the first iron rope. From this point it was 
established undoubtedly that all risk of the difficidty with the mpe causing a chock to the 
application of steam to cultivation was now safely overconie, the intruduclion of the steel rope 
having effectually accompliebed the object in view. The machinery for working the rope, how- 
ever, required great imptovement and alteration before getting to the jwint of thorough cfficieucy 
with a minimum of wear : tbe chief objects in these improvements being to have as few bends as 
possible, and those bends over largo pulleys. A great saving in the wear of rope has also been 
efi'ected by the improved moans of keeping the rope tight, preventing it from dragging upon the 
ground. From time to time, as the various improvements m the machinery have boon effected, 
the increased quantity of work done by the rope before being worn out has heen very marked ; so 
that the cultivation of from 2000 to 1000 acres can now be acoomplished with one steel rope, tha 
amonnt varying with the nature of the soil artd the width of the implement used. 

Although much of this increase of duty depends upon the construction of the machinery, stUl 
a great part of the buccpss is to be attributed to the superior manufacture of the steel wire. At 
first the steel ropes, although much euperior to those of iron wire, wcro very irr^ular in their 

Iuality and dniability, often varying as much as one-half in these respects ; and up to the present 
sy steel ropes made of the common qualities of steel wire vary in their quality to the same 
extent After a series of caroful experiments, combined with accurate testing, a quality of wiro 
has now been produced for the pnrpmo, which can be obtained of complete uniformity in tensile 
Strength, and possessing a high degree of hardness, combined with the requisite flexibility and tough- 
ness for working. To thia great advance in the manufacture of steel wire rope is to be attributed 
in a great measure the present success of steam cultivation. The tensile strength of this wire has 
been increased from 1500 lbs. to in some cases 2400 lbs. for No. 14 wire gauge. Steel wire of the 
oommoo sort has indeed been made to attain nearly the nme tensile strength : but this is always 
aooompsnied by the defect of brittleneas, which is a fatal defect in the working of a wire rope. If 
the quality of steel lope should continue to improve at tbe same rate as during the last thrae 
years, the cost of wire rope will be reduceid to an unimportant item by the acre. 

At the commencement of steam cultivation the iron wire rope ran a mileage of not over 750 
miles before being worn out, costing 1). Id. the mile of nmniug. The first steel rope ran 1800 miles, 
costing I), a-mils; and the present steel ropes are running on an average 9000 miles, coating 
only about 2id. a-mile, running with a tension upon them of about 25 cwt., and this notwitb- 
atanding that the price of rope has been iocnMed from 60J. to 84J. for the ordinary length of rope 
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of 800 TBTda. The rteel rope Bt present nsed in steem miltiTBtion ia Utha inch duuueter, tod weighs 
»boDt 2 lbs. a-yatd, m&bingB total of ahout 14 owt. for th« length of 800 jards. 

The fifth clas of difficultiei are tho«e ariiing ftom variatirais in the state of the soil cansed bj 

the effecta of the we»ther. 

Theae difflcoltiee have been priccipallj felt in wet weatlier. to tuoring the engine, and alia 
from the stickiaesa of some land when in a half-wet state, which is too often the condition of the 
load whilst being onltivated. In auch caaes all the tackle wonld become literally covered with 
clay, and the power required to move ttie rope and the machine wonld be very great. This difB- 
coJty ahonld not indeed eiiat, as no land ongbt to be touched when in such a state ; but clay land 
has hitherto been very often worked when wet, from waul of sufficient foroe to get all the work 
done before the wet sets in, and also from the inability of horses to perform the work while the 



gronnd with horses nntil some rain comea to atuten it, aa the horses* ahonlders and the implement 
wonld not be able to stand such jarring work. 

With steam-power, however, there is Do difflcnity in working the land in the driest condition, 
which is the proper time for such work ; and if this is strictly attended to, it will never get into 
■n extremely baid state. Bupposing the clay land u ploughed wet by steam-power, more power 
will be expended in pulling the dirt^ rope and the Binking plough than even if the land be so dry 
that the soil breaks np into large pieces of as much as 1 cwt. eech. though the lattor oould not be 
the cose but for the wet-kneoding that the land received before by being ploughed wet by horses. 
K the farmer were only lo keep his machine off the land in wet weather, and work it night and day 
in dry weather, be would see the great advantage that wonld occme from working at the proper 
time. In fact, the principle of the old maiim, " Make hay while the eun abinea," applies to cidU- 
Tation of the land as well as to the nuking of hny. 

Another systein of stetun cultivation, shown in Fig. 83, has been adopted to meet i^ial eir- 
enmstonoes, by the use of two large engineo, each of which is supplied with a winding drum, 
instead of the clip drum and endless rope employed with the light sngines in the plan last described. 
The two large engines ore placed at oppodto ends of the field, the same as in Fig. 63 ; bat thej 
act alternately instead of in combination, one pulling the plough in one diieotiim, while the other 
tnovas forward into podtion for the retnin bout, and vice vartd. 
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of B pair of guide rollers A A, between which the rope passes when coiling on or off the large 
winding drum B. These guide rollers are carried at tne end of an arm G, which is centred at the 
other end upon a bracket D carried loosely upon the centre spindle £, round which the drum 
revolves. The arm C has a stud fixed in it at F, working in a spiral groove G, formed on the 
lower part of the spur wheel H, which also turns loosely round the centre spindle £. A second 
spur wheel I is carried close above the wheel H, and is fixed upon the upper end of a cylindrical 
casing carried up from the bracket D, and passing through the wheel H. A pinion J carried by a 
stud fixed in the winding drum B gears into both the wheels H and I, but the upper wheel I has 
one more tooth than the lower one H ; and consequently in each revolution of the winding drum 
the pinion J being also carried round with the drum causes the lower wheel H to be advanced one 
tooth, the upper wheel I being held stationary by the arm C, which is held at the outer end by the 
tight-strctchod rope passing through the guide rollers A. The spiral groove G is thus gradually 
turned round, and acting upon the stud F in the arm G, causes this arm with its guide rollers A to 
be gradually raised and lowered, thereby guiding the rope from top to bottom of the drum in 
regular coils whilst it is being wound on or off the drum. 

The purpose for which this system of working with two large engines was arranged was for 
travelling about and doing work by hire, so as to meet the requirements of those who have 
not sufficient land or capital to purchase machinery for their own use. The plan has the 
advantage of requiring no fixing, and the machines are ready to start work the moment they get 
into the field ; and as soon as the implement stops, the ropes are in their places and the machines 
ready for removal. Aa fields of all shapes are met with, it is of importance that the 
machines should be of such a character that no loss of time should be occasioned by the manage- 
ment of the rope. So far as the working of these machines goes, it is entirely satisfactory, but the 
first drawback to the adoption of this plan is the price. Secondly, there is the difficulty of taking 
two large engines about ; and from the fact that a heavy break has to be put on the paying-out 
drum in order to keep the rope tight, considerable power is lost. But still the time saved in doing 
small irregular fields more than counterbalances those disadvantages. 

The traction part of the machinery having now been considered, the most mechanical means 
of performing steam cultivation has to be referred to. 

The implements hitherto used for steam cultivation have been something similar to those 
employed with horse power ; but recently a system has been arranged for throwing up the land in 
the roughest possible way, and leaving it in such a state as to expose the largest amount of surface 
to be acted on by the air, which is the only truly practical way of dealing with heavy land. The 
development of different classes of implements will always be going on, to meet different varieties 
of land, and the various operations which will ultimately bo required. It is proposed here only to 
refer to the best principle of loosening the land for the purposes of cultivation, looking at the 
question entirely jfrom a mechanical point of view. 

Gultivation by rotary implements has been much advocated, and may appear at the first glance 
the right moans of applying steam power ; but when the nature of the substance to bo dealt with 
is considered, this plan is mechanically wrong in the way of operating on the soil, from the fact 
that rotary implements must necessarily strike on the top of the hard land, thus absorbing a 
quantity of power in entering the hard substance. As an illustration of this, reference may be 
made to the method adopted in breaking up a macadamized road : the pick is used so as to lever 
the material upwards, and by entering it underneath the hard substance the latter is easily broken 
up. A rotary digger must however be used in the contrary way, or else it will bo acting against 
the onward motion of the machine, thereby increasing the power required for traction. The 
difficulties that interfere with getting such a machine over the surface of the land have also to be 
considered, and the damage done to the land by the transit of such a heavy machine over the soil 
to be cultivated ; and these objections, with the serious error in the mode of applying the power, 
must prevent such a system from proving practically successful. 

The cultivation of the land consists merely in loosening a certain quantity of soil, and what has 
to be considered is how to loosen the greatest quantity with the smallest amount of power. In all 
the experiments tried by Fowler and Greig it has been found that this is never so economically 
done as by wedging the soil off to a loose side, and entering the wedge imdemeath, where the soil 
is softer. Much objection has been raised to the old mode of working with the plough ; but it is 
not the implement that is at fault in that case, but the power that is defective ; and by the aid of 
steam that implement can now be driven at such a pace as to throw the land sideways in a manner 
quite equal to the effect of any digging by hand. The great point requiring attention is that the 
tools should be so arranged that each follows its neighbour, taking its own cut and wedging off 
the soil to a loose side. If this is done, the speed of 2^ miles per hour at which thd implement is 
driven will throw the loosened material at least 2 feet clear from its previous position, and by the 
rapid motion it will be left in the state most desirable to the farmer, and in the best possible con- 
dition to receive the action of the atmosphere, and this will be effected with the least amount of 
power. Few implements embody this principle ; but without it there is a great loss of power, 
which is accounted for by the fact that a tyne or cutter, in making its way through the solid 
groimd, always takes twice the power to draw it that would bo required if it were taidng its cut 
close to where another cut had been taken before. This is a point of great importance, and should 
never be lost sight of in the construction of implements for heavy work. In the implements for 
light operations it is by no means so necessary ; but still the principle holds good to a certain 
extent, and should be attended to as far as practicable. 

In order that steam cultivation may bo Drought to the greatest perfection, it is of the utmost 
importance that the use' of horses in cultivation should be altogether abandoned. For this purpose 
a number of implements are required, adapted to get over a large breadth of land in a day, so as 
to do the very light operations of the farm and exclude horses entirely from such work, as their use 
inevitably increases the expense of after-operations, besides being detrimental to the land. If the 
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hoTseB on « fann are done away with altogether, or as far aa practicable, the cartage becomes 
the next question to be dealt with ; and before steam cultiyation takes its proper place, the heavy 
part of the cartage must be done by the ploughing-engines. Considering, however, that to be good 
ploughing-engines they must be good traction-engines, there is nothing to stand in the way of 
cartage by steam-power but the want of good roads about the farm, which are an essential point in 
a highly cultivated farm, whether steam cultivation be employed or not. The experience lately 
gaiBed in the use of the traction-engine is that loads can be conveyed over moderately good roads 
at an expense of 2d. a-ton the mile ; and there is therefore no doubt that the farm cartage can also 
be done economically. This operation will require some time to develop itself, as the vehicles for 
conveying the materials will have to be bought, and proper roads made in every direction through 
the farm, before steam cartage can be carried on conveniently ; but at present there can be no 
reason why all com should not be taken to market, and coals and so forth brought back, by steam- 
power. At the time this was written Fowler and Greig had no doubt that before ten years' time 
two-thirds of the cartage of the farm would be generally done by steam, and also that the railways 
would be fed by traction-engines, and that these would become quite common : although, through 
mistaken ideas, serious attempts had been -made to stop their use on the public roads. TMs 
prediction is being carried out, for it has been proved that a 10-horse engine will convey a load of 
20 tons independent of itself over a road with gradients not exceeding 1 in 15 ; and the wear and 
tear is very slight indeed in properly constructed traction-engines. 

In order properly to understand the advantages of steam cultivation, it is necessary to draw a 
contrast between steam-power and horse-power as applied to cultivation. 

In the case of horses, the utmost available force which can possibly be brought to bear on an 
implement is 9 cwt., and this is obtained by employing six horses, or two more than can work 
profitably together on the land. The practical limit of draught is therefore 6 cwt., as horses 
cannot give off the same amount of draught in the fields as on hard roads. Hence with a team of 
four horses giving off 6 cwt. total draught on an implement which acts on a width of land of from 
10 to 12 inches, the utmost total power for an inch in width of the soil acted upon will be only 70 lbs. 
At the same time the resistance will be very much increased by the pressure of the horses' feet in 
doing the work. For if a horse be taken when the land is in a rather plastic state, and walked 
across the track of the steam-plough, and made to travel to and fro transversely on every 10 inches 
width until a breadth of 6 yards is trodden over, it is then found that if the steam cultivator has 
just suflScient steam to perform its work properly before it arrives at the ground so trodden down, 
it will be completely stopped before it gets through the 6 yards ; and considering the momentmn 
of the flywheel, this experiment shows plainly that the power required is something very material, 
and experience shows one-third additional draught to be required on land that has been trodden 
down to the same extent as in cultivation by horse-power. It is clear therefore that a considerable 
part of the 6 cwt. draught of the horses is expended in undoing the compression caused by their 
own weight ; and as the 4 tons weight of the horses themselves must be lifted up and down all the 
inequalities of the ground, there is only a very small portion of the aninial force left to be use- 
fully exerted upon the implement, and this only at the slow speed of 1} mile an hour, at which 
the horses travel. 

But with steEun the case is very different : a draught of 35 cwt. is available upon the imple- 
ment, giving the farmer the means of employing a force of from 70 lbs. to 280 lbs. to each inch in 
width of the soil moved. And considering that only a 1^-ton load is passing over the land instead 
of 4 tons, much less force is emploved to move the same measurement of soil. 

The comparison therefore stands thus : — With horses there is a total force of 6 cwts., with the 
drawback of having to convey 4 tons of useless load over the land ; while with steam-power there 
is a total force of S cwt. conveying only 1^ ton of useless load. The result of experience is, the 
less weight carried over the land the better ; and when the great weight of horses, compared with 
the force they exert, is considered, and bIbo the number of footprints left bv them on an acre, it 
cannot but excite surprise that such an unmechanical means of cultivation should have existed so 
long. The number of footprints left by four horses in ploughing a 12-inch furrow is above 
900,000 per acre ; whereas the steam-plough, which has a width of from 3 to 4 feet, is carried on 
two wheels 6 inches in width. 

The facts that have been stated afford a good reason why horses should be kept off the ground 
altogether. If the necessary precautions in this respect are but strictly followed, a complete 
revolution in agriculture would soon be witnessed, as no mechanical means of pulverizing the 
land is required, and less than one-half the number of operations at present necessary would be 
found sufficient. 

Land, like metal in a furnace, requires the greatest attention in order to perform the different 
operations at the same time, when it is in the right state for their being effected thoroughly. The 
present system of management is entirely inadequate to effect this object, from the want of 
sufficient force at a given time. In some years there are barely two months suitable for all the 
cultivation of the season : that is, provided the greatest judgment is exercised, and the land never 
touched except when in the proper state for the purpose of cultivation. But with such manage- 
ment as is here recommende(^ the result will be always an adequate crop. 

The advantages of steam cultivation having now been described, and its gradual development 
during the past few years having been traced together with the various systems employed, it is pro- 
posed in conclusion to enumerate what may be considered as the principal points which are essential 
to the production of good steam-cultivating machineiy, so far as regards its mechanical arrangements. 

First, a sufficiently powerful engine with a wide bearing surface, and plenty of leverage to move 
itself out of difficult situations, and of simple construction in all its parts. 

Second, a hauling apparatus with a arum of large diameter, and so arranged as to bend the 
rope as seldom as possible, and with the drum placed norizontally on a vertical axis, so as to allow 
the rope to work in any direction without requiring guide pulleys. 
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PoDith, an (irraDgament for keeping the rope tight, bo u to curj it oleair of the groitnd tod 
avoid low b; friction. 

Fifth, Kn implement in which the ahuee or tynet foUoir each other ooniecatiTely, iredging off 
the soil to ft looee aide. 

Lastlj, u amall an amount of mannsl laboor ai practicable. 

AOBIOULTUBAL ENGINES. Fa., Machina h wpHr UoomabO* appUqwa i rasricvltun; 
Gkb., Dampfmaicliinen wncmdet lU Imdmrthtcliaflliclim Zvtecken ; Itai^ ifaixhint a tapon agriailt ; 
Sfaii., Maqainaria agriaola. 

The portable agricultnial stoun easiiiie of Holmea & Bona, of Konrich, ii ihown in Fig. 86. 
The oooBtmotion of ibit engine ia aimpu ; the working parts being all outside, the whole can be 




adjusted reodil;. It is fitted with a cranlud ihaft, so that a wheel at driving dnim can be fixed 
at either side. It has a gatenor, of simple form, having few parts, which works with preoiaion. 
Ever; part of the engine is of great strength, wrought iron being need where practicable. The 
pitton-Tod^aa, and amall parts are made of atf!el. All the braas bearings are wide and ca«y to 
adjost. "File feed-fmmp is fitted so aa to prevent any liability of accident m frosty weftther, anil in 
snch a manner tluit it cannot easily got out of order. The hoiler is of snfflcient capacitj, and 
capable of doing heavy work without priming. The cyl{ader is lam, with l*-inch rtroke. 

The engine of Ransomea & Sims, Fig. 87, is specially designed and cDostmcted to eoonomiie 
fuel and to regulate iia consomption according to the power required. It has a /«ed lajttr- ' ' 
or reservoir placed in the imoie-box of the engine, in which the water is heated by the e 
steam and hot air posoing from ikefire-box to the chimmy, A donble feed-pump is in ooni . 
with this beater by means of pipes shown on the side of the engine. One pump draws the cold 
water from the supply tank and discharges it into the beater. The ouier ia supplied with 
hot water from the heater, and forces it into the boiler. The tlide-mlce ia on the gridiron 
principle, and the pressure of the sleom is removed frMn the book of the mitu by means of 
metatUo equOibrium relief-rings kept up to the faces of the ilide-caat cooir by means of spiral 
sprtDga ; these valves are found to be as easily moved when the steam is (m as when it if off The 
out-off, or eipansion-valve, is worked by a movable ecceatric. The adjosbnent of this eooentnc is 
very simple ; it is held in its place by a nut screwed to a bolt fixed to the fast eooeatrio, under 
which is placed a pointer, which slides on a plate graduated with the various grades of expansion, 
and fixed to the otuer occcnlric, and the engine-driver has only to adjust the loose eccentnc until 
the pointer reads the mark in the grade which ooirespondB with the point at which the steam i* 
ent off in the stroke of the piston. The general construction of the engine is very strong. The 
average consumption of fael is about 3 ' 5 lbs. of ordinary coal an honr. 

Clugtvn, Shuttleworth, i Cfe.'i Portable Steam AnffiiM.— This engine. Fig. 88, in iti oonstroction 
jiresents a method of heating the exterior surface* of the cylinder and ilram cA^st. The cylinder 
u placed in the smoke-box surrounded by a jacktt forming an »"""<" space, which, being filled 
with steam, heats the cylinder, and, at the same time, piotects it from the Injury that wmld bs 
oanaed by direct eimtact with the heated gas. By thi^ armngement ocmdensatiaa and radiation 
are prevented. 

There has been a great ot^eotion to placing tho cylindn aad steam oheft in the interior of th« 



boiler. ■■ it leaAamA the eiwiiie moM dlfflonlt to esunina and repair ; bat in the engine nodei 
DOtioe thi* haa been obnated by kaving both coda of the cylinder and itMbin oliest eqioied ; tba 




ooren can bo renmrad, and the puton and iltde-TalTe oleaned or adjnBtsd • 
an outaide cylinder engine. This engine ia also made Uitf "- " 
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8to,IB62. 

* On the Application of Steam 
PoTer to Agncultnre,' by John 
Fowler and D. Greig. Fraceedinga 
Intt. Mechanical &ngineen, 136S. 

' Steam CnltiTatioD,' Engineer- 
ing, Tol. iv., 1867. 

' &udea anr I'Eipoaition,' 1867. 
Lacroii, Faria, 186T--e. 

' On Steain Cultivation,' by 
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AICHB METAL. Fn, ififtal 
d'aick; Gib., Aich'i Mttalt ; Itii^ 
LtgadAich; ^yAH^etal de Aich. See ALLOTS. 

AIR-BBICK. Fb., Briipu ovum ; OXB., IfoAltiegtl ; Ital., Grata dtlh Ipiraglio, deSa tfiataMt ; 
SfAN., Ladrillo perforaih. 

An «ir-briak is a briok of the ordinary aize, made of eartbenware^ fauUt into the walla of a 
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boDdiiiK, bat pofiiMted, Tig. 89, to admit tiz mider the floom or Into the toodh. H ii sometiincs 
madeofcaat iitm, with a Hllde voiked by aamBUkiiob,Fig. 90, to enftble the opcadngs to beokaed 
if leqnired. 
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AlB-GBATtNQ is aimiliti to an air-brick, but of larger size and of less thickness in proportion to ill 
other dim^nBions. It is used as in the case of tbo air-brick, to admit air to the interior of buildings. 

AIR-CHAMBER. Fb., Chopinette, trochee, rtservoir ifiuV ; Qeb., WiruUaael, Wiadraum ; Iri-U, 
Btriatoio faria ; Span., Cdmara d» aire. 

A cavity containing air to act as a spring foi equalizing the flow of a liqnid in pomps and other 
hydraulic machince. 

Fig. 91 ia a soctinn of a locomotive fped-pump ; the water is draim in by the action of the plunger 
in the barrel A, through the feed-pipe B, and TalvesE, whiohrcaton their seats F, and heldm place 
by the cngcs ii ; the water entering the air-chamber D, in ' .. 

the top of which the air is oomprCTsed, forcing the water 
out of the deliyery-pipe C beyond its middle position when 
the pialon ia at the end of its stroke. The fe«d-pumpa 
of AJnericsn locomotiTea are supplied with air-chambers 
d, d, on (he suction side, as well as D, D, for the delivctry. 
This pump was invented by Walter McQueen, an 
American engineer. The elastic force of the euahiona 
D, [J, of eondeused air in the air-chsmbcta. relieves the 
pipes, valves, and jobte from sudden shocks; botidea, 
the action of the air by its alternate compression and 
eipaasion secures a steady supply of water to the boiler. 
The barrel of the pump is generally of brass, the plongec, 
working in the pipe A, a solid bar of iron. Tlia valves 
Me of the cup form, Fig. 91. The rise of the valves ia 
eeldoiD more than (th of an inch, and sometimes, while 
the rise of the inlet-valve lb restricted to }th cA an inch, 
the delivery-valvo rises only ^ in. and the cheek-valve^. 
If a plunger P, Fig, 92, working in a pipe P A B, 
S} inches in djametor, forces the water ab gh, 9 inches 
aona 1 to 9, into a smaller pipe hf, in a second, the same 
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quantity of water l 
through the smaller pipe in 
the same time, but with an ^ 
increased velocity. A head 
of water H, giving the same 
pressure as the plunger P, 
would tiave the same effect. 
Let EF = 3 inches at the 
narrowest part of the small 
pipe, then the velocity of 
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the water at EF will be SO-25 inchee a second, while 
at A B in the latter pipe the velocity is only 9 inohes a 

aoDond; for ^^^-^ = 3035. Now let W be the 



of iti operation, long or abort, and ID = ~z - m'2'' *''*''** 

V t = mv, V being the velocity, therefore P = -r- o. This 

expression shows that the effort required to Impart or 

destroy a quantity of motion m s is an much the giceter as the time employed is less ; and since tbo 

reciprocal action of bodies ia more rapid compared lo the epoces descrilied, thoir compressions, Uexnres, 

and pcnetrationa are lees for the snuie quBDtityof motion destroyed. 

We have here explained why the shock of hard bodies, the transmissioD or destruction by bodies 
slightly flexible, compressible, or extensible, occasion such great efforts and each rupturca and acci- 
dcnta ; and how it is, on the other hand, by the interposition of soft and compresBible bodies, that 
the intensity of efforts and their oouscqucnces are so much diminiahed. We may see by the exprea- 

sion P = -7- e that a flnito velocity oould never impart in an infinitely small time to a mass m, except 
by an infinite eflbrt, which ehowi the error in the hypothesis of the ii 
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nutioii byfOTceo, ta whkh we ue then « 

DBtDje in calling tbem foroa of p^rcuu 
teachines of ntion»l mechamca. Nothing li 



id to give a special name, and thus mppow a (pecial 
This error is often too explicitly admitted ii| the 
a instantaneoua opention really occnra in DBtnre ; 
quantitiM of motion are imparted and destroyed in (greater or !e«« poriods of time, sometimea, in- 
daed, imperocptible to onr Benw» and means of obaerration, but never inEtanlaneoiia. 

SumioietliefoicflactingoD theplaiigerlobe48'31lM.on the square inch,Bnd that it ia ret^iiired 
to flnd the preanire acting on a Talve at «/, vhich valve opens fthaof an inch againat the action of 

a spring; then ^rz ='0 = *"' "^^ have before shown that the Telocity of the water in the«nall 
pipeG/= 80 '25 inches saeoand,= -^^ feet a second; whsnoe the fotoe acting on each square inob of 
the Talve will be— 3 242 



= 130-71be. 



for the time the water in the imall pipe is moring 01 
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BAoonda. When the 



spring at //, or the pre«siue of the water and steam in a boiler becomes too great tt 
by the action of the plunger P, the air in the air-chambor D, Fig, 91, by being condenBed, con- 
■ervatea the balance f& the force of the water passing through the amnll pipe, aod deliverB such 
concentrated force when the plunger injects more water, Cm« should bo taken in making use of 
wlml is here termed the quantity of motion or mommhiin, for when we know the product of the 
mass m, of a body, and the velocity imparted to, or taken from it, we have the measure of effort pro- 
duced by the force during the period of action : but we see that this meeeure cannot be taken as a 
term of comparison except for analogous cases, where the velocities are really imparted or destroyed 
by force : and it does oot follow that the product P i, of the force, by its period of action (equal, when 
there is a change of motion, to the quantity of motion imparted or destroyed), should always serve 
as a meaoore of the effort of forces, as is aometimos admitted for certain instruments and certain 
kinds of work. It is often seen that an effort may continue a long time without producing a 
mechanical effect. Thus, horses pulling upon a mired waggon, without starting it, develop consi- 
derable efforts, which multiplied by the period of their action would give an enormous product 
without any useful effort resulting in any mechanical work, and nothing but fatigue and eihaustion 
of the horses. Take, for example, the i^ugbt of a plough, which in strong earth requires a mean 
total force of 794 lbs. fiupposc the furrow to be 400 feet long, the horses in one take 100", aod in 
the other 200" to plonch it. We shaU have in the Orsl vase, P t = 794 x 100" = 79,400 ; and in the 
second, P( = 794 x 2(N)" = 15fl.800: and yet io both cases they have accomplished the same work. 
' iiment giving the product of efforts by the times or periods of duration would by no means 
Ji exact appreciation of the mechanical effects produced. The true measure of these effects 
is th'' pir«n''t of the- effort wertpd br the path 
"- drwrilxil in iIj duration, which is usui.lfv < slimated 

in ««i7j 0/ UKrk. 

It should bp fnrlher observed that it is "iily in the 
mae of a oonatanl effort acting during n time (=1" 
tbnt wp can take the product I'l I for tht^ imii^uro of the 
effort f ; W lieing put for the weight, we luivo — 



F =B] 




W , 



ir the proportion, F : W : 



mode of 
in the 



it effort, 



But in cases of variable efforts tlic 
meoBurement does not apply I'r.r ii ■ , 

varying swordini; to very din 

time impart equal quimi^i 
Ifody, or to different buli'r. I " 1 
will imly give then tlie value' of n im ;.ii 
capable of imparting in tlie sumo tiiuo ino same 
quoptitj of motion. 

"IR. ii3 reiircsents a simple form of tlic i-.|f-scting 
, invented by Montgolflor. ThU illiir-li-alion is 
merely drawn for the punxisc of explainini; Ike opera- 
tion of the air in the air-cfiamlier. The mi>li\- column 
descends from a spring or brook A, through \.\v pipe B, 
near the end of the airchamber D, aod riHiuL,' mam F, 



which are attached, as shown in the figure. At the extreme end of B, the orifice is opened and 

dosed by a valve K This valve opens downwards, and may be either a spherical one or a 
common spindle valve, as shown in the fi^uro. It is the play of this valve that renders tho 
mochine self-acting. To accomplish this, tho valve is made of, or lowicd with, such a weight as 
jost to t^en wben the water I) is at rest, that is, it must be so heavy as to overooma the pnissure 
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against Its under-mde when dosed, aa represented in Fig. 93. Now supposing this valTe open, 
the water flowing through B soon acquires an additional force that carries up the yalve against its 
seat ; then a portion of the water will enter the air-chamber D and rise in F, the valve of the 
air-chamber preventing its return. When this has taken place, the water in B has been brought 
to rest, and as in that state its pressure is not quite sufficient to sustain the weight of the valve, 
E opens, descends ; the water in B is again put in motion, when its whole pressure begins to act, 
and again closes E, as before, when another portion is driven into the air-vessel D, and pipe F ; 
and thus the operation is continued, as long as the spring affords a sufficient supply and the 
apparatus remains in order. The pressure which closes the valve E is that due to the short range 
of the valve and the increased velocity acquired by the water in passing from a large to a smaller 
pipe. The surface of the water in the spring or source should always be kept at the same 
elevation, so that its pressure against the valve E may always be uniform, otherwise the weight of 
£ would have to be altered as the surface of the spring rose and fell. 

This ingenious machine may be adapted to numerous localities in every country ; but when 
the perpendicular fall from the source to the valve E is but a few feet, and the water is required 
to be raised to a considerable height through F, then the length of the ram or pipe B must be 
increased, and to such an extent that the water in it is not forced back into the spring when E 
closes, which will always be the case if B is not of sufficient length. If a ram of large dimen- 
sions, and made like Fig. 93, be used to raise water to a great elevation, it would be subject to 
an inconvenience that would soon destroy the beneficial effect of the air-chamber D. For if air be 
subjected to great pressiu'e in contact with water, it in time becomes 
incorporated with or absorbed by the latter. This sometimes occurs 
in water-rams like this, for when used they are incessantly at work 
both day and night. To remedy this, Montgolfier ingeniously 
adapts a very small valve, opening inwards to the pipe beneath 
the air-chamber, and which was opened and shut by the ordinary 
action of the machine. Thus, when the flow of the water through 
B is suddenly stopped by the valve E, a partial vacuum is produced 
immediately below the air-chamber D by the recoil of the water, at 
which instuit the small valve opens, ana a portion of air enters and 
supplies that which the water absorbs. Sometimes this Snifting' 
valve, as it has been named, is adapted to another chamber imme- 
diately below that which forms the air-chamber, as at G. In small 
rams a sufficient supply of air is found to enter at the valve E. 
The compressed air in D not only conservates the work expended in 
raising tne water to H, but also the work required to overcome the 
friction of the water in the pipe F H ; and consequently the air in 
the air-chamber has the power to close the valve K when the water 
at H begins to return. 

P. H. Vander Weyde has invented a second air-chamber, Fig. 94, 
to be attached to the induction-pipe, which has a small opening by 
which air is admitted from without. By the operation of the 
pumps, air is gradually withdrawn from this chamber and conducted 
to the principal air-chamber attached to the deliverv-pipe. 

H and F are air-chambers, P and N valves, and a and G stop- 
cocks, all arranged so as to supply the constant loss of air taking 
place in air-chambers. See Hydraulics. Pumps. 

AIB-DRAIN. Fb., Cotuiuite dair; Geb., Luftkanal; Ital., Condotto d*aria ; Span., Alcantarilla 
para la conduccion de aire. 

A cavity in the external walls of a building, to prevent dampness, is called an air-drain. 

Air-Enoine. Heated-aib Engine. 

AIR-ENGINE. Fb., Machine h »»• 

air chaud ; Ger., Aimosph&riache Mcuo 
hine ; Ital., Macchina ad aria calda ; 
Span., Mdquina de aire. 

The engme. Figs. 95, 96, 97, 98, 
invented by Philander Shaw, works 
with heated air in a close combustion 
chamber, where it comes in direct con- 
tact with the fuel, and is mixed with 
the gaseous products of combustion. 
The air and gases pass through the 
engine, and effect ite movement, part 
of the power being made use of to 
pump fresh cold air into the com- 
bustion chamber. There is no special 
air-pump provided for this purpose, as 
the cylinder is made single-acting, and 
the piston has a large trunk which 
forms an annular space in the cylinder, 
and the latter is made use of to act as 

the air-pump. This arrangement has the advantage of keeping the cylinder cool, since part of its 
surface is always in contact with cold air. There are two cylinders having their pistons connected 
together by a beam, so as to form conjointly a donble-acting engine, each single-acting cylinder 
acting during the return stroke of the other. The two cylinders A, A, Fig. 97, and their anange- 
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ment, are shown In section in Fig. 96. Fig. 97 ahowe a Beotton of the engine on a horizontal plane. 
The oombiution cliamber U a vea«el ocuutruoled of boiler plutt^ and luiod with two rows of fil«- 
brickg, all round between whicb a pnssaga is left for the citculation of air. The air, pnsaing in oold, 
takes up the heet from the inner row af 



ibj 



bricks, and prevents the 
coming veij hot and wanting hea 
radiation. The piaton B, Fig. no, 
oarries the trunk B', whicb leaves the 
annular space D to act 08 an air-pump, 
the Tslvea S and F relating the 
inlet of the cold air ill the down-gtroks, 
sod its outlet into the combiution 
chamber during the up-strohe. There 
u a rcgeaeialoi or aii-hester interposed 
between the air-pump and the com- 
bustion chaml>er ; thia is sliown at K, 
Fig. 98 : it oonsiata of a eeneB of rer- 
tiou pipea, through which tlu.' exhaust 
air &om the en^^e pai«BB up a cbim- 
Dey. The waste heat of this sir ia 
utilized in the regenerator b; being 
portlf taken up by the cold air passing 
outside the tubes and arriTing at Uie 
combustion chamber at a higher tem- 
perature. The flro-door ia at the 
top of the chamber, which is provided 
with a dome a. Pig, 96. The grate is 
dtgbtly inolined lawards the ash-door 
/. All these doors are carefully dosed 
during the working of the engine, as 
the preosura within would be reduced 
by leakage. The valves are worked 
by cams and levers, and no special 
axiangements arc required, in working 
this engine, to keep the cylinder cool. 
By another arraogetnent, which we 
Illustrate in the annexed engravings. 
Figs. 99, 100, 101, the upper end of 
the cylinder o. Figs. 99 100, is made 
of such capucity that when the piston 
b reaches the iop of the stroke at c, a 
apace d ma; be left, in which the por- 
tion of air not required may be com- 
presaed, and, oooaequently, will not 
enter the furnace, and, by its subse- 
queut expansion, will assist the down- 
stroke of the piston. This space may 
be formed between tho piston and 
cylinder lid, or the air may be oom- 

r)ed in a side passage or reservoir. 
theae engines Wenham prefers 
carryiDg the crank shaft t, in bearings 
bolted to the lop of the Oange of the 
cylinder, and working the crank by 
a return connecting rod /, with the 
guid^ y, from the piston-rods above, 
similar in form to that known as a 
tteeplt enyiiK ; in other respects, as in 
the furnace and valve artangements, 
the parts are substantially ue same 
aa in moat hot-air engines, congtnict^l 
by others as well aa Weoham. In the 
engine, Figs. 99, 100, however, Wen- 
ham places a disc of fire-clay above 
the furnace, as shown at A, Fig. 99 ; 

this is supported on tho rim of the fire-pan, and haa a central hole, equal in diameter to the b 
of the fuelliopper /. which touches the djso, and the bottom edge is thus protected from tho direct 
heat of the fire. Around the disc are a scries of perforationB, J. shown in plan. Fig. 101, leading 
to the annular space of the stove; a jet of pure flame rises through each of tlieao at every stroke M 
the engine, and at the same time the fire is prevented from rising above its proper level. 

AIB-ESCAPE. Fb., Appareil poor [fchapprment dt lair ; Geb., Yorric/itung Mum mtiWHiSw 
der Liift ; Ital., Stialatoiii ; SpAH., Venleador. 

An air-escape is a contrivance for letting off the air from water-pipei. It cc&sists of a hollow 
ball F, Fig. 102, attached to the upper part of the pipe, in which a ball-cock O is phiced. adjusted 
m such a way that when any air mllects on the pipes A tad E, it will Mcend in the vessel, and, by 





diaplacinf the irater, auite tbe boll to descend, and thna open the oock B, and alloir the nir to 
esoBpe. flo water, however, can follon it, for when the fluid rises to ft certain height the bell riasB 
to D, Bud ihuts the oock. 

AIR-OUN. Fb., Piuil i wni ; Geb., Windbtchte ; Ital., Sckieppa ad aria ; Sfan^ FtuS dt viento. 

An air-Binn is ui iUBtrument resembling n mnsket, made to diioh&rge projectiles bj the fone of 
oompresaea ftir. 

AIR-HOLES. Fb^ Vestit ; Geb^ Luftblate ; Ital., AdOi Saria ; Sfax., Smpiraderoi. 

Holes or cavitiBs in s caating, produoed by babbles of air in the liquid metal, are termed air- 

AJB-PIFES. Fb., 7«MtiblMn,CMiw]DBoiinvMAiHr; Oeb^ Xu/trMm; Ivu^TMdtffaria; 
A^ipea are pipes nsed to draw fool air fimm a ship's bold, minei^ and oth« obse plMM. 
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panmatica ; Sfan^ Banba de aire. 

Any pump or maoiiEoo employed to eilftust the air &om a ckwed Teeael ia t«mied an Btr-pnmp. 

In the air-pomp deHJi^ed b; E. d. Ritchie, Fig. 103, the lower valve is conical, held in place 
bj a triangnlftT stem fitting the tube; it ia raised by tho valve-rod panuDg up through a ituflliig- 
box in the piiftoo. An enlarged sectino. Fig. 104, showa tho manner in which the attachment Ii 
made nhich allows a motion of tho rod aidewiso, bo that any slight change of form 
of the packing of the piabm, or stuffing of the rod, oaimot prevent the valve from 
shutting properly. The cona of the vsJvo ia ground to a perfect fit id ita seat, but 
the valve ia aim fumiahed with a diao of oiled ailk, which projecta juat beyond its 
outer ed^ and toucbiw the flat Burface of the ralve-aeet ; the va!ve-rod eitenda 
np, and ita upper end is secured in a bole drilled in the upper plate, of depth 
■uffident to aLiow motion vertically to open the valve. The piston ia of thick 
braaa. made ia two parts; the upper piece haa a hole drilled larger than the 
pialoD-tal, the lower part of a conical form, ground to fit a cone on the piaton-tod ; 
this forms the piston-valve. The lower piece of the piatoa covers the end of the 
piston-rod, but allowa it enough motion to open the v^ve ; a seriea of small holes 
through the plate givea a free paaaage for the air to the valve. A third valve ia 
placed outside the cylinder, roado of oiled ailk in the usual way. In the upper I 
plate of the cylinder is inaerted a steel lever, one end of which covera the valve- 
rod : the other end, when the lower valve ia closed, ii Quah with the plate, but 
when the valve is miaed Lt projects into the cylinder. 

In action the flrat motion, upward, of tho piaton-rod oloaea the piston-valve ; 
the firat motion of the piston opena the lower valve ; as the piston aacenda, the air ; 
above it is farced out through tho upper valve, and air from the receiver flows 
nnobstructedly into the cylinder. The pialon atrikea the tail of the lever, and at 
the instant of arriving at the top elosea tho lower valve. The first downward 

motion of the piston-rod opena the piaton- valve ; the air remaining in ( 

above the piaton diatributeH itaelf equally througbout the cylinder, 

paa the lower valve book into the receiver. When the piaton again reaches the bottom of the 

cylinder, the interstices below are filled with air aa rarefied as a pomp with ordinary valves ciut 

The air-pomp of Bobert Gill, Fig. 105, consists of a cylinder a, to the lower flange of which the 
bell-mouthed vessel 6, projecting upwarda into the cylincler, is secured. Between the outer aide of 
the vessel and tbe inner aide of tho cylinder, the tubular bell-sbaped 
piaton c is situated. The hollow piston-rod d ia screwed into the '"^ 

upper part of the piston, and the leather flap-valve e ia held firmly 
between these two parts by the gripping action of the screw. The 
lower port of the piaton-rod if is tabular, and a small leather-packed 
piston / is fitted to tbe rod, carrying at its lower end the valve A. A 
part 01 the rod above the valve h is encircled by a helical apring. 
The upper cover of tbe cylinder is provided with an ait-eacapo valve ■', 
which is immersed in a reservoir of oil to coaure ita tighlneaa, and the 
air extracted from the receiver escapes through the Boiall hole u. The 
cnp and tube A are used for supplying tho liquid to the cylinder. 

To prepare the apparatus for work, the upper cover of tho cylinder 
is taken off, and tho cock I opened. The fluid ia then poured down 
the tube i into the cylinder until the piaton is completely covered, the 
cover being replaced and the cock ahut, the apparatua Is then ready 
for action. On moving the piston upwords, the valve A would, if free, 
be alao drawn up by the friotion of the small pistou / in the tubular 
pistOD-rod. The sprihg tn, however, is of greater length than the 
distance between the u^er aide of the piaton c and the valve A when 
tbe piston ia at ita lowest position, consequently tho spring m ia com- 
prened until the piaton c ia raised through a matonce curroaponding 
to the length of the spring. Being in this atate, the elaaticity of the 
spring overcomea the tendency to raiae the valvo A, produced by the 

friction of tho amall piston/; tho valvo A is therefore maintained c 

close agatoat its seat until tho elasticity of the spring cesaea to act, or, 

in other worda, until the piaton c ia elevated through a distance equal to the spring length, on 
arriving at which point tbe valve A begina to rise, Tbe foregoing arrangement of the spring and 
valve is noceasary for the following reason :^If the valve were free to rise, the apparatus oeing 
charged with oil, some of it irould flow through the valve opening, and enter tbe tube leading to 
the receiver, into which it might pass. As the piaton, however, is raised higher, its tubular port 
being gradnally emerged from the aannlar space in tho lower parts of the cylinder, the level of the 
oil nnder the piston is lowered, tbe space for holding the liquid being gradually enlaced, so that 
the valve is left uncovered by it. The apparatus is shown in the flguie in the position of inaction 
<^ tbe spring, and with the valve open. 

Before roiidng the piston the space below it is completely foil of oil, and the joints through 
which air might intrude ore all covered with this liquid; conaequeutly, the space left bj 
the motion of the piston must remain perfectly empty, at least as regards air. The vacuous space 
below the piaton l>eing now in communication with the receiver through the tube n, becomes filled 
irith air more or lees rarefied ; at tbe same time the air contained in the apper part of the cylindei 
being oompre^«d by the ascent of the piston, reisee the valve i, and escapes into the atmospbeie 
thionBh the »peitaie e. As tbe presaoie above tbe pishm ia greater than that below it, a imall 
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leakage of oil takes place downwarcU through the interatioe roond the little piston-rod, and 
dropping upon the diield attached to the ralve h, falls into the annular space, and there aocnma- 
lates daring the ascent of the piston. The interstice for leakage allows only a small quantity of 
oil to pass, otherwise the yalve A might be overflowed before the piston begins to descend, and con- 
sequently before the valve was clewed. It will be seen that in every part of the piston's motion 
its lower edge is immersed in the oil, which prevents any lodgment of air between it and the sides 
of the cylinder. 

At the commencement of the downward motion of the piston, the valve h is closed inunediately 
by its piston /, and the valve i is closed by its own weight and the atmospheric pressure ; the space 
below the piston becomes smaller and smaller as the piston descends; at the beginning of 
the upward stroke all the space below the piston was full of oil, and during the upstroke more oil 
has passed down into the annular space ; the consequence is, that when the piston reaches the 
bottom of its stroke, the space below being completely full, it is evident that the air extracted 
from the receiver must be completely expelled through the apertures e e, together with that small 
quantity of oil which passed downwards through the interstice around the rod, during the ascent 
of the piston. The space below the piston is thus infinitesimally reduced, and consequently the 
air is completely expelled, however rarefied it may have been on entering from the receiver. 

The most perfect air-pump is that invented by Hermann Sprengel, Fig. 106, which consists of a 
glass tube c d, longer than a barometer, open at both ends, and in which mercury is allowed to fall 
down, supplied by the funnel A, with which the tube is connected at c. The lower end d, of this 
tube dips into a small glass bulb B, into which it is fixed bv means of a cork. This glass bulb has 
a spout at its side, situated a few xnillim^tres higher than the lower end of the tube c d. The first 
portions of meroury which ran down will consequently close the tube, and form a safeguard 

107. 
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against the air which might enter from below, if the equilibrium shonld be disturbed. The npper 
part oicd branches off at x into a lateral tube, to whicn the receiver B is affixed. As soon as the 
stop-cock at c is opened, and the meroury allowed to run down, the exhaustion begins, and 
the whole length of the tube, from x to cf, is seen to be filled with cylinders of meroury and air, 
having a downward motion. Air and meroury escape through the spout of the bulb B, which is 
above the basin H, whero the meroury i* collected. This has to be ponied back from time to time 
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into the fannel A, to pUB throngh the tnhe again and again, until the ezhanstion is oompleted. 
As the exhaustion is progreasine, it will be noticed that the enclosed air between the mercury 
cylinders becomes less and less, %ntil the lower part of c d presents the aspect of a continuous 
column of mercury, about SO inches high. Towards this stage of the operation a considerable noise 
begins to be heard, similar to that of a shaken water-hammer, and common to all liquids shaken 
in a vacuum. The operation may be considered completed when the column of mercury does not 
enclose any air, and when a drop of mercury falls upon the top of this column without enclosing 
the sUghtest air-bubble. The height of this column now conesponds exactly with the height of the 
column of mercury in the barometer; or, what is the same, it represents a barometer, whose 
Toricellian yacuiun is the receiver B. 

The pump, Figs. 107, 108, of the pumping engine at Hartford, U.S., is noticed here on account of the 
peculiar action and airangement of its yalyes and pistons. The engine is a double-acting condensing 
crank and beam engine, with a single cylinder 32*375 inches diameter, five feet stroke, with an ad- 
justable cutnoff. The injection water is taken from the well. There is a heavy fly-wheel of 22 
feet diameter on the crank-shaft, and power is communicated by a pinion of twenty-seven teeth on 
the end of the shaft, gearing mto a spur-wheel on either side, of eighty teeth, and on each 
spur-wheel shaft are two cams, each giving motion to a set of pumps by means of bell-cranks. 
Each set of pumps consists of two pistons or boxes in one chamber or cylinder, one above the other, 
see Figs. 107, 108 ; the piston-rod of the upper one being a tube, and the piston-rod of the lower 
box passing through it, the valves are butterfly-valves hinged in the middle ; and each piston com- 
mences its stroke slowly, and increasing in a short space to its uniform velocity, and at the end 
decreasing for like distance till it stops. Thus while the lower box is rising, the upper is de- 
Bcending, the water passing up through the valves of the upper box ; but just l^fore the lower box 
has completed its up^-rtroke, the upper box has completed its down-stroke, and commences to rise, 
the lower decreasing in velocity and the upper increasing : and, vice versa, during the rise of the 
upper box the lower one descends, and commences to rise in time to relieve the upper box at the 
end of its stroke. Thus the stroke of one box laps on to that of the other, and the absolute move- 
ment or stroke of 17*875 inches of each box may be considered 16*125 incnes effective. 

AIB-SHAFT. Fb., JPuita cTa^rage, Buse ia^rage; Gbb., Luftachacht, Wetter8chachi ; Ital., 
Fozzo di mina ; Span., Pozo de ventHacicn, 

An air-shaft is a passage for air into a mine, usually opened in a perpendicular direction, and 
meetmg the adita to cause a free circulation of fresh air through the mme. 

AIB-STOYE. Fb., Calorifire a air chaud; Geb., Of en zum heitzen mii warmer Lufif Ital., 
Calori/ero ; Span., Calorifero de aire oalietUe. 

An air-stove is an enclosed flre-place so constructed as to admit a stream of air to pass round it 
or through it, and this impinging upon a heated surface is rarefied, carried upwards, and warms the 
apartment. See Yentilatino and WABiONa. 

AIB-TBAP. Fb., Arrangement pour pr^venir Pair impur dez ^gouU et dea rigdea de ae diaperaer 
dana lea haiimieKta ; Gkb., Eine Vorrichtung zUm ztiriickhalten von fauler Lu/t in Chaien ; Ital., Valvola 
ad aria ; Span., Diapocion pw impedir el eacape delT aire impuro de aumideroa. 

An air-trap is a trap immersed in various ways in water, to prevent foul air rising from sewers 
or drains. 

ATB-YALYE. Fb., Soupape hair; Gkb., LuftvenHl, LuftUappe ; Ital., Valvoia di aicurezza per 
U vuoio ; Span., Vdlvula de aire. 

An air-valve is a safety-valve fixed at the top of a steam-boiler, and opening inwards to prevent 
rupture from the pressure of the atmosphere upon the sides of the boiler, should a vacuum occur 
within from the steam becoming condensed, or partially so. 

AIB-WAT. Fb., Air a^rien; Geb., Lufiweg; Ital., Corao delTaria; Span., Oonducto de aire, 

A tubular passage for air fiowing in pipes is termed an air-way. 

AJUTAGE. Fb., Ajutage, Ajutoir ; Geb., Aufaatz (fUr Springbrunnen) ; Ital., Tubo cTaggiunia ; 
Span., Tubo para regukarizar la aalida de aqua, 

A tube through which water is discharged is called an ajutage ; as the ajutage of a fountain. 

ALGEBBAIO SIGNS. Fb., Signea alg^braiquea ; Geb., Algebraiache Zeichen; Ital., Segni 
algebrici ; Span., Setial, 6 ncia algebrico. 

The sign -I-, termed plua, or more, is, like each of the other algebraic signs, a mere conventional 
mark ; it indicates addition ; thus, 18 -|- 19 = 87, that is, 18 added to 19 equal 37. 

= being the sign'putfor, equal to; equal; or equals, a -|-6 = c, or, in words, a added to 6 makes 
ft sum equal to c. 

-(- is sometimes used to indicate that figures have been omitted from the end of a number, 
or that the number is approximately exact, as the stjuare root of 5 is 2*2360679 -(-. 

This little cross marlc, when written diagonally like x , stands for multiplied by; as, 15 x 8 = 120. 

X also stands for timea and into; as, a x 6 = a6. Multiplication is also often indicated by 
placing a dot between the fihctors, or by writing the latter, when not numerals, one after another, 
without any sign; as,ax6xcX(^ = a'b'cd = abed; 1x2x3x4 = 24 = 1*2*3*4. 

<x-(-a + a-|-a-|-a = 5 times a, written 5 a, must not be confounded with a y. ax a x a x a= a 
in the fifth power, written a*. If a = 2, then in the first case 5 a = 10 ; and in the second a* = 32. 

— Minus, less; which indicates subtraction ; as, 7 — 3 = 4 ; that is,7 less or diminished by 3 is 
equal to 4 ; ifp be put for 7, q for 3, and r for 4, then p — q =i r, 

•*• or : stands for divided by ; as, x -^ y ; that is, x divided by y. Now, to take a particular case, if 
X = 24, and y = 8, then dp-i-y = 24-i-3 = 8. However, division is more generally indicated by 

X 

writing the divisor under the dividend, with a line between them ; as, - ; that is, x divided by y. 

X 20 
Supposing OP to be put for 20, and y for 3, then — = -^ =6}. 
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Small figures, 1, 2, 8, 4. Ao^ tenned indices^ are placed above and at the right hand of quantities 

to denote that they are to oe raised to powers whose degree is indicated by the figure ; as, u or a}j 

that is, the first power of a ; a^, the square or second power of a ^ a^, the cube or third power of a ; 

a^, the fourth power of a ; and the like. 4^ = 4x4x4- 64. Small figures, in indicating powers^ 

are often preceded by the negative sign (— ), and thus show or indicate tlio reciprocal of the corres- 

1111 
ponding power ; as, cr-\ a—', a-*, a-*, &c, are respectively eqmvalent to — i» — ,» — j» — ^» &o. 

^, or ^"dgnifies root .'—in dicati ng, when used without a figure placed above it, the square root ; 

as, ^9 = 3; ^^89 = 17 ; V 16 a* = 4 a ; and so on. This symbol is called tlie radical sign. 
To denote any other than the square root, a figure (called the i/k/t'x), expressing the degree of the 
required root, is placed above the sign ; ba, ^ a^ j^ a, }^ a, &c,; that is, the cuIh} root, fourth root, 
ninth root, &o., of a. /^ is merely a modification of the letter r, which was used as an abbreviation 
of the Latin word radiXf root The root of a quantity is also denoted by a fractional index at the 
right-hand side of the quantity and above it, the denominator of the index expressing the degree of 

the root ; as, a^, a^, a^ ; that is, the square, cube, and fifth roots of a, respectively. 

Vinculum, 1 These signs indicate that the quantities to which they are 

( ) Parenthesis, > appended, or which are enclosed by them, are to be taken 

[ ], or { } , Brackets, | together; as, 3(8 -f 11) = 57; that is, 8 is first added to 11, 

and then the parenthesis shows that the sum 19 has to be multiplied by 3. 3 (8 x 2 — 11) = 15 ; 

that is, from twice 8 take 11, and multiply the remainder by 3. But 3 (8 x 2)— 11 = 37, must not 

be taken for 3 (8 x 2 - 11). If a = 2 and 6 = 3, then, (a + 6)8 = (2 + 3)« = 25 = a~+ 6*. 

a X [6 + a' (36 - a»)] = 2[3 + 4(9 -4)] = 46. 
aV{(« + ^) + a«[36-a«]j = 2 ^ { (2 + 3) + 4[9-4] } =10. 
This last expression must not be confounded with the form 

a^ {(a + b + a'yiSb-a^] =2^ {9x5} = 6 V"5"= 13-4164078. 

Is to, or the ratio of^ is expressed by two dots, one placed over the other ; as , (:) between a and 

6, (a : &), signifies a is to 6, or the ratio of a to 6. ; : signifies as, or equals. This arrangement of 

dots is employed to indicate proportion ; as, a : 6 : : c : (i ; that is, a is to 6 as c is to </; or, the ratio of 

a to 6 equals the ratio of c to (/. In numbers, for example, if a=7, 6= 3, c = 35, then d= 15 ; for 

7:3::35:l5;a8,axda6xc;or^ = ^« 

4V* To understand the proper application of the symbols + ; — ; x ; -*- ; ^ ; ^ • ( ) ; 
and : : : : ; is of much importance to the practical mechanic and engineer, especially if he has 
neglected the study of mathematics ; for any person who understands common arithmetic, and how 
these symbols are applied, may determine the numerical value of any general formula in particular 

For example, the slip (n) of eorew propellers, or paddle-wheels, is given by the formula 

in which g = the area of resistance, and d = the acting area. Now, if n be required when <; = 49 
square feet and d - 225 square feet, we have 

V49i V 117649 343 343 ,^„, 

V49»>V225» V 117649 -h V 11390625 843 + 3375 3718" "^^^''• 

To illustrate this method of substituting numbers for their representative letters in established 
formulie, we select the following problems, respecting the crank and fly-wheel, from Byrne's ' Essen- 
tial Elements of Practical Mechimics.' 

Problem,— To find the position of the crank oorresponding to its mitTi ninm and minimum 
velocity in a single-acting engine : — Let O B and O D be the required positions on the crank, and 
let P represent the constant pressure of the connecting-rod, supposed 
to act in a vertical line. Put Q = the constant resistance, acting at ^ 

1 foot from the axis of the fly-wheel, equivalent to the work of the | ^^* 

engine. 

The motion will be accelerated flrom B to D. This acceleration 
will oonunence when the moving pressure is eoual to the resisting 
pressure, and it will cease under the same conoition. The former 
will correspond to the position of minimum, the latter to that of 
iT^fiTiimiTn velocity. Hence, at these two points the moment of P 
must be equal to the moment of Q, and the point D will be as much 
below the horizontal line A O as the point B is above it. 

.-. PxCO = Qxl. [1] 

Again, by the equality of work, putting 

r = OB, 
Units of work by P in 1 revolution = 2 r P. 

Q „ =Qx 2x31416. 

.-. 2rP = Qx 2x 31416. [2] 

Dividing equation [1] by equation [2], 

CJO _ 1 

r ~ '8 1416 - '^^^^ 

CO 
.'. From the table of natural sines '81831 = cosine of 71^ 27'; for is the cosine of the 

angle BOO. * ^ 
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ProM0m.-^To find the dimenaionB of the fly-wheel, snoh that its angnlar Telocity may at no 
point differ fxx>m the mean velocity beyond a certain limit : — Let d and p be the maximum and 
minimum velocities of the wheel at the distanoe of 1 foot from the axis ; W the weight of the 
wheel, and k the distance of the centre of gyration from the axis. 

Work of P from BtoD = PxBD = Px2rxBin7P27' = 2rPx -948. 

Q X 2 X 3* 1416 X 142^54' 
Work of the constant pressure Q from D to B = ^^- =2rP x -3968, by 

putting for Q X 2 X 8*1416 its value 2 r P, found in the last problem. 

Now the difference of these will give the iDork that goes to increase the speed of the wheel 
between the points B and D, that is, tccrk going into the wheel between B and D — 

2rPx -948- 2rP x-3968 = rP x 11022. 

D* ^3 W 

Accumulated work at B = —x- — * 

Accumulated work at D = — 5 * 

2y 

4' W 

Hence the accumulated work gained from B to D =: -- — (<l> * it*), but this must be equal to 

2</ 
the woik befoze found ; 

.-. ^(d«-i?^ = rPx 11022 [3] 

Let y be the mean velocity of the wheel at one foot from the axis, and let the extreme 
velocities d and v differ from this mean velocity by the nth part ; then 

V V 

d = V + — audi? ss V - - ; 

Let N be the number of double strokes performed a minute, then 

,^ 2x31416xN ,^^^„ __ .-,_ 

V = g^ = '10472 x N; [5] 

Let U be the work of the engine, then 

U = 2rPN .-. rP = ^ ^ [6] 

Substituting the values given in the equation [4], [5], [6], in equation [8], 

and reducing, 2g = 32^ 

ftU 82j^xl 1 022 

^= *» N« ^ 4 X (•10472)* 

.-. W=^^ X 808-2 [7] 

which is the expresslan for the weight of the fly-wheel in pounds. 

If H be put for the horse-power of the engine, then U = 33000 H ; substituting this in 
equation [7], and reducing to tons, 

W= ^ X 11907 m 

which is the enression in units of tons. Let B = the mean radius of the fly-wheel, 0= depth 
of the rim, then oom a well-known property of the centre of gyration 

substituting this in equation [8], then 

W= y ^T— X 11907. 

N^lecting -J as beiiig oomparatively small, then 

W=|5^x 11907 [9] 

It may be observed that the weight of the wheel varies invezsely as the cube of the number of 

strokes performed by the engine per minute. 

If a = the area of the section of the rim in square feet, and 450 lbs. be taken as the weight of a 

450 
cubic foot of the metal, then W = 2 ir B a a^tq tons nearly. Substituting in equation [9], and 

solving the resulting equation for B, 



/nH 119 07 V 2240 \4 
"^ ^ = \N*^^ 2ir31416 X 450y 



. 21 ynB. _^ 
• • NV -a"*"^ 



which is an expression fbr the mean radius of a cast-iron fly-wheel of a single-acting engiae, when 
there are given the number of strokes of the piston, the horse-power, the area of the mean section 
of the rim, and the proportional variation from a mean velocity. Proceeding in the same way, for 
the doubl&«oting engine, cosine B O A = 2x'31831, 



12 /n H\i 
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In the fly-wheel B A W, Fig, 110, A=B; G B=r, the onter and inner radiiu of the ring. 
W= weight of the ring in pounds; to the weight of the arms, ^^^ 

breadth of each, D £4-6. If y be the centre of gyration of the 
ring and anns, then, putting y=Gy, 

^ 12 (W+w) 

In practice, the centre of gyration, including the ring and 
arms, may be assumed at y = r the length of the inner radius 
from the centre, 0. Putting a for the angular Telocity or 
number of revolutions a minute, at the end of the time t in 
which the fly-wheel would concentrate the same power as the 
steam engine, t may be taken = 128 seconds ; but when the 
work is irregular, t may be taken as high as 170 seconds. 
Taking these average quantities, the weight of a fly-wheel for 
a given horse-power H will be 



^ . ^t ^ (llV^x(l^«xl28H 

a" r" 




Question, — ^Required the weight of a fly-wheel when the engine is of 56 horse-power; the inner 
radius of the ring = 10 feet making 42 revolutions a minute ? 

Weight = ^^^^J^^^t^^ = 5409 lbs. nearly. 

We append other algebraic symbols, which have been employed by writers in treating of 
quantities that could be numerically expressed. Many of the following signs or symbols are 
obsolete, rare, or of far less importance to the mechanic or engineer than those which we have 
explained and illustrated. 

J. Divided by; as, a X 6; that is, a divided by 6; 6 X 8 = 6 + 3 = 2. IMare,"] 

^ Is greater than ; as, a >• 6 ; that is, a is greater than 6 ; 6^5. 

C Is greater than ; — the same as >>. [^Rare."] 

<< Is less than ; as, a-<6; that is, a is less thcoi 6; 8^4. 

S2 Is less than ; — the same as <[. IJiare."] 

^ Is not less than; — the contradictory of <<; as, a <t^ 6; that is, a is not less than 6; or, a may 
be equal to, or greater than, 6, but cannot be less than it. 

^ Is not greater than; — the contradictory of >^ ; as, a ^ 5; that is, a is not greater than 6; 
or, a may be equal to, or less than, 6, but cannot be greater than it. 

a^ Is equivalent to ; — applied to magnitudes or quantities which are equal in area or volume, 
but are not of the same form, or capable of superposition ; as, a* :cs6c; that is, the square whose 
skle is a is equal to the rectangle wnose sides are a and 6. [Bare."] 

x^ Of the form of ; as a t^^i (2 n -|- 1) ; that is, the term a 1b of the form 2 n + 1 ; 
17 t4:i (2 X 8 -I- 1) : that is, the odd number 17 is of the form 2x8 + 1. IBare.'] 

^ Is divisible by ; as, a ^ 6 ; that is, 6 is an exact factor of a ; 8 c^ 2. ^Hare,'] 

^ The difference between ; — used to indicate the difference between two quantities without 
designating which is the greater ; as, a .^ 6 ; that is, the difference between a and 6. 

— : The difference between ; — the same as ^, \Bart^ 

oc Varies as ; is proportional to ; as, a « 6 ; that is, a varies as 6, or is dependent for its value 
upon 6. 

-:-^ Geometrical proportion; aB,jL*a:6r:c:(f; that is, the geometrical proportion a\h\\c\d 

• • Minus; the arithmetical ratio of ; \ used to indicate arithmetical proportion; as, a •• h 
\ \ Equals ; is equal to ; / : : • • cf ; that is,a — 6 = c — d. \R<ireI\ 

00 Indefinitely great; infinite; infinity; — used to denote a quantity greater tlmn any finite or 
assignable quantity. 

Indefinitely small ; infinitesimal ; — used to denote a quantity less than any assignable quan- 
tity ; also, as a numeral, naught ; nothing ; zero. 

Z Angle ; the angle ;a8, ZABO=ZDEF; that is, the angle A B G is equal to the 
angle DBF ; — less frequently written > or V 

•\ or ^ The angle oet ween; as, 06, or A^B; that is, the angle between the lines a and 6, or 
A and B, respectively. 

By some geometers, the angle between two lines, as a and 6, is also indicated by placing 

one of the lettera denoting the enclosing lines over the other ; as, -r- ; that is, the angle between the 

lines a and 6 ; sin. -r- \ that is, the sine of the angle between the lines a and h, 



L Bight angle ; the right angle ; as, L A B G ; that is, the right angle ABO. 

J_ The perpendicular; perpendicular to ; is perpendicular to ; as, draw A B J_ D ; that is, 
draw A B perpendicular to D. 

II Parallel ; parallel to; is paraUel to; as, A B || D; that is, A B is parallel to D. 

^ Equiangular; is equiangular to; as, A B D x ^ ^ ^ H; that is, the figure A B D is 
equiangular to the figure E F G H. {^re?^ 



^ Equilateral ; is equilateral to; as, ^ D E F; that is, the figure A B is equilateral to the 
figure DBF. {RartPi 

O Circle; circumforence; 360^. 
^^ Arc of a circle ; arc. 
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A Triangle; the triangle; as, AABO=ADEF; that Is, the triangle A B la equal to 
the triangle D E F. 

D Square ; the sqnaie ; as, D A B G D ; tl^at is, the square A B D. 

CD Rectangle; the rectangle ; as CD A B G D*= CD E F G H ; that ia, the rectangle A B G D 
equals the rectangle E F G H. 

/ or F ; Function ; function of; as y =/ (x) ; that is, y is, or equals, a function of x. 

Various other letters or signs are frequently used by mathematicians to indicate functions ; 
^ /? ^f ^'f ^1 **» <^d the like. Some of these are used also without the parenthesis ; as, ^ x, 
function of x. 

d Differential ; as, dlx ; that is, the differential of x. 

8 Variation ; as, 8 x ; that is, the variation of x. 

A Finite difference. 

D Differential co-efficient; derivative; — sometimes written also (f«. The variable, with 
respect to which the differential co-efficient is taken, is indicated by writing the letter designating 
it at the right hand below ; as, Dt ^ ; that is, the differential co-efficient of ^ with respect to t 

The letters cf, 8, A, D, and sometimes others, are variously employed by different mathe- 
maticians, prefixed to quantities to denote that the differentials, variations, finite differences, or 
differential co-efficients of these quantities are to be taken ; but the ordinary significations are 
those given above. An index is often placed at the right hand of d, to indicate the result of one 
or more repetitions of the process denoted by that sign ; as, cf* x, d ' x, &c. ; that is, the second, 
third, &0., differential of x, or the result of differentiating x two, three, &c., times. This common 
device is clumsy and inadequate. 

' Fluxion; differential ; as x ; that is, in modem notation, dx. [06s.] 

/ Integpral ; integral of ; — indicating that the expression before wmoh it is placed is to be 
integrated ; as, /* 2 xdxzzj^ ; that is, the integral of 2 xdx is x*. This sign is merely a modified 
form of S, which is itself the abbreviation of the Latin word summay sum, the integral being the 
sum of the differentials. It is repeated to indicate that the operation of integration is to be 
performed twice, or three, or more times, as//*,///, &o. For a number of times greater than 
three, an index is conmionly written at the right hand above ; as, /"*, xdx^ ; that is, the mth 
integral, or the result of m integrations of xdx^. The variable, with respect to which the 
integral is taken, is sometimes inmcated hj writing the letter designating it at the right hand 
below ; as, /« ^ ; that is, the integral of ^ with respect to x. 

t denotes that the int^^al is to be taken between the value & of the variable and ite value a. 
f denotes that the integral ends at the value a of the variable , and /& that it begins at the value 
6. These forms must not be confounded with the similar one indicating repeated integration, or 
with that indicating the integral with respect to a particular variable. 

2 Sum ; algebraic sum ;->commonly used to indicate the sum or summation of finite differences, 
and in nearly the same maimer as the symbol /. 

Residual. 

( 3C ) A symbol used in abbreviations of quantics whose terms have the same numerical co- 
efficients as a corresponding expression formed by involution ; as (a, &, c, cf 2. ^i V)'* ^hich denotes 
the quantic ax*+ Sbx^y + 8 cxy' +dy*j the numerical co-efficients of which are the same as those 
obtained by expanding (x -J- y)*. 

( X ) A symbol for a quantic which has no numerical oo-efficiente; as, (a, 6, CjdJ[^x, y)'. 
whichdenotes the quantic ax* -f 6j*y -J- cxy* -f- dy*, 

T The number 3*14159265 + ; the ratio of the circumference of a circle to its diameter, of a 
semicircle to ite radius, and of the area of a circle to the square of ite radius. In a circle whose 
radius is unity, it is equal to the semi-circumference, and hence is used to designate an are 
of 180°. In a circle whose diameter is unity, it is equal to the circumference, or an arc of 360°. 

I The ratio of the circumference of a circle to the diameter ;— the same as v ; a graphic modi- 
fication of the letter C, for circumference. 

n The base of the hyperbolic system of logarithms ; the same as t ; a graphic modification of 
the letter B, for base. 

M The modulus of a system of logarithms ;— used especially for the modulus of the common 
system of logarithms, the base of which is 10. In this system it is equal to * 4342944819-1- . 

g The force of gravity. Ite value for any latitude is expressed by the formula g = 32*17076 
(1>0* 00259 COS. 2 A), in which A is the latitude given, and 32 17076 (that is, 32 17076 feet 
per second) the value of a at the latitude of 45^. 

^ Degrees ; as 60^ ; that is, sixty degrees. 

' Minutes of arc; as, 30'; that is, thirty minutes. 

" Seconds of arc ; as, 20" ; that is, twenty seconds. 

B° Radius of a circle in degrees of arc, equal to 57^*29578. 

R' Radius in minutes of arc, equal to 3437^*7468. 

R" Radius in seconds of arc, equal to 206264" -8. 

', ", '", &c. Accente used to mark quantities of the same kind which are to be distinguished ; as, 
a', a", a"\ &c., which are usually read a prime, a second, a third, &c. ; a b' c" + a* b" c -f a" 6 c\ 

When the number of the aocente would be greater than three, the corresponding Roman 
numerals are used inst^ of ^em ; as, a\ a'\ a"\ a<^, a^, a"^, &c. The accente are often written 
below also ; as, a^, a„, a,,„ aw, Or, &c. Figures, and also letters, are sometimes used for the same 
purpose ; as, a^, a', a™, a", Oq, a„ a„ Om, a,, and the like. 

Indices or small figures are also often used to indicate the repetition of an operation ; as, (f x, 
d>x, (f*x, &c., indicating that the operation pf differentiation has been performed upon x two, three, 
four, &c., times. 

sin. X. The sine of x ; that is, of the arc represented by x. In the same manner cos. x, tan. s6 
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ooi X, 860. «, ooeeo. », ▼enin. d?, and oo-ven. x, denote respectively the oosine, tangent, cotangent, 
secant, cosecant, versed sine, and oo- versed sine of the arc represented by x. 

sin.— *2. The arc whose sine is x. In the same manner cos.~*x, tan.~-'x, oot.~'x, sec^'x, 
oosec.-^x, versin-^x, and oo-vera-^x, are used to denote respectively the arc whose cosine, tangent, 
cotangent, secant, cosecant, versed sine, or co-versed sine is x. 

This sign must not be confounded with the negative index designating the reciprocal of a 
quantity, which would be applied to a parenthesis inclosing one of these expressions ; as, (sin. x)— % 

which is equivalent to • 

sin. X 

Oliver Byrne, the inventor of the art and science of Dual Arithmetic, in developing which he 

employs in his works two new signs, an arrow (1) and a comma (,) ; these signs (|, |') do not 

interfere with those we have previously enumerated, as dual arithmetic essentially differs from arts 

previously known. Besides, those who examine dual arithmetic in all its bearings will find that 

a branch of greater importance has not been contributed to mathematical science ; hence, how these 

new signs are applied may interest many. 

1 6, 5, 3, 7, 9, 2, 3, 8, is a dual number of the ascending branch, composed of eight oonsecutive 
digits; 

2 t '0 '6 7 '4 '3 '8 1 '2 is a dual number of the descending branchy composed of the same num- 
ber of dual digits ; for the 2, to the left of the arrow, which in this case points up, is a coefficient ; 

4 6, 5, 3, 8, 0, 7 '6 '6 is a mixed dual number, the first four digits being of the ascending 
branch, and the last three of the descending. 2 4 1 4, '2 2* 2, '3 '4 '5 is a dual number in the 
lowest terms, because the first digit does not exceed 3, and none of the other digits exceeds 5 ; all 
natural or conunon numbers may be readily reduced to dual numbers of the last form. 

The natural number 1-869 = i 6, 5, 3, 7, 9, 2, 3, 3, ; 1-869 = 2 f *0 '6 7 '4 '3 '8 '1 '2; 
= i 6, 5, 3, 8, 0, 7 *6 '6; = 2 i 1 4, *2 *2 2, '3 *4 *5 ; and = a vast number of other dual numbers. 
The dual logarithm of a is written 4, (a), the dual logarithm of 2^ or j, (2) = 69314718, which 
is a whole number. 

1, (1 '869) = 62540354, and each dual number which represents 1 '869 may be instantly reduced 
to the same dual logarithm, namely, 62540354. These observations apply to all numbers generally. 
Without the use of tables, in a variety of ways, and under different circumstances, Byrne in his 
works has shown by easy, independent, and direct processes, how any two of the three oorresponding 

^'"^ (Natxtbal nuhbeb) ; (Dual ntxbeb) ; (Dual Logarithm) ; 

may be found, the remaining one being given. 

ALLOYS. Fb., AUiages ; Geb., Legirungen ; Ital., Leghe ; Span., Akadon, 

Allots, Metallio ; employ^ in the mechanical and useful arts. 

Every metallic alloy, as regards utility, may be considered a new species of metal, because the 
qualities of the constituents are in most cases not recognized again in the compound ; the compound 
in such cases shows properties which do not belong to the simple metals, and which cannot be 
determined b^ theoretical speculations. By changing the proportions of tin to copper, we obtain 
bronze of different qualities, varying extremely in colour, hardness, and sound. A few per cent, of 
tin causes copper to be hard and more tenacious. The addition of a little lead causes orass to be 
more ductile, while a large addition makes it brittle. We shall not here enter fully into the peculi- 
arities of alloys, as these peculiarities are given in our articles on particular metals employed in the 
mechanical and useful arts. Metallic elements do not at first sight appear to combine in certain 
ratios and form definite compounds ; still it cannot be denied that some metals do ; and we are 
justified, by the general law of affinity, in assuming that all metals combine chemically. We 
succeed always in melting various metals together, but we do not very often succeed in separating 
the excess of any one or more metals in the alloy, or the refractory nature of another. As a 
general rule, we may state that all the metals which form alkalies have a particuliLr tendency to 
unite with those which form acids. Potassium combines readilv with antimony and arsenic^ more so 
than other metals. In considering the nature of protoxides in their chemical relations, we may suo* 
oessfully form a series in which the ability of metals to combine ia represented. 

This accounts for the peculiarities of the alloys of selenium, arsenic, antimony, and tellurium ; 
which resemble very much the combinations of metal and sulphur, or phosphorus, or chlorine. All 
these substances form acids in their most simple combination with oxygen. Alloys and compounds 
of this kind are peculiarly inclined to be brittle and fusible. When two metals are near in the 
series of affinities for oxygen, they do not combine very readily ; and they may often be separated 
by crystallization only, when their degree of fusibility is sufficiently distinct. This happens when 
both metals absorb the same, or nearly the same, quantitv of oxygen in forming oxide. All 
chemical combinations liberate heat ; silver and platinum, wnen melted together, produce a high 
temperature ; so do zinc and copper. In most cases, we obtain a mere mechanical mixture of 
metals in an alloy; this is always characterized by forming distinct crystals with one metal, 
between which the other is visible. When an alloy is formed which contains equivalents, no such 
disconnected crystals cure observed. An irregularly composed alloy is a mere mechanical mixture, 
like wax and fat, and never forms a uniform body of metal ; it is of either a granulated or cr3r8tal- 
lized texture, the latter of which is not compact. Between the crystals of such an alloy, one of the 
metals is always found in a nearly pure condition. The alloy of iron and silver, in which the sUver 
is mechanically enclosed between the crystals of iron, ia an instance of these compounds. 

Lead and tin combine in certain proportions, and whatever excess there may be of either metal, 
it is enclosed between the crystals of the alloy. The same is the case with zinc and tin, bismuth and 
tin —and, in fact, with all other metals. The number of definite compounds appears to be very 
large, and in all cases a metal is never obtained pure whenever another is present. In cooling a 
melUfd alloy, that composition which is most refractory crystallizes first ; and that which is most 
fluid is oonapelled to occupy the ^F^^^^^ between the crystals of the most refractory. Thus, copper 
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and tin are very ftidble ; but in oooling, oopper-tin cryBtaUioes flnt, and tin-oopper last— which 
latter oocupiea the spaoes between the flnt. Iron and arsenic are yery fusible, out in oooling, 
iron-arsenic crystallizes first, and arsenic-iron last ; the surface of the cooled mass shows a perfect 
network of bright lines, in regular forms. In all these compounds the first crystallized metel, or 
alloy, contains some of the latter, and the latter some of the first. 

When a bar of cold lead is held in mercury, the first absorbs some of the latter throughout 
its body ; the pores of the lead are filled with mercury — but the mercury in this case contains lead, 
as well as the lead mercury. When iron is gently heated imbedded in carbon, as is the case in 
"Mtlring blistered steel, the carbon penetrates the very heart of the iron-rods; but no iron is 
imparted to the carbon, because its particles are not movable. By these and similar means the 
pores of a refractory, solid metal, may oe filled with another metal, provided the atoms of the latter 
are movable. Lead does not readily combine with iron, but if we heat wrought-iron turnings in 
melted lead, the solid iron will absorb lead. Gray cast-iron will not absorb lead, because its pores 
are filled with carbon. Borings of cast-iron absorb arsenic readily, when imbedded in arsenious 
acid and heated ; but wrought-iron does not absorb arsenic by these means until carbon is brought 
into contact witii these sunstances. In properly applying these rules, we may form alloys of the 
most heterogeneous metals, and in regular proportions. 

It is extremely difficult to form a definite compound of zinc and copper, or tin and copper ; but 
if we take either the oxides of all these metals, or the oxide of any one, and the metal in small 
particles, and imbed the whole in carbon — heating it so as not to melt it, although bringing it 
near its melting point — and then apply the heat gradually and slowly, we are enabled to form 
definite compounds, which may be melted by a heat which does not evaporate either the one or the 
other metal. We shall point out the formation of alloys by metals in other articles, but we wish 
to draw the attention to these facts, because it is often very difficult to form an alloy of a definite 
composition. Yet as these alloys are the most valuable, we refer to the above mode of forming 
them. 

FusSniiiy of AUoys, — Alloys are more fusible than the mean temperature at which the metals 

melt singly would indicate. This is a very important law in our investigations, and affords, when 

properly applied, the most valuable results. When tin melts at 500°, and pure copper at 2500°, 

2500-1-500 
equal parts of copper and tin do not melt at s = 1500°, but at a lower heat. Platinum, 

and also chromium, are infusible in our furnaces, but may be made very fusible by the addition of 
arsenic. Pure iron is extremely refractory, but when combined with arsenic and phosphorus, it 
may be melted in a cast-iron pot, without adhering to it. Thus, when an aUoy of two metals is 
fusible at a lower heat than the mean of the two, a composition of three metals is still more fusible 
than their various degrees of melting indicate; and by multiplying the number of component 
parts, a low degree of fusibility of any metal may be obtained. If the composition is according to 
the laws of chemical affinity, the melting point is lowest. In all cases of practice we must reflect 
on the application of the metal before we form an alloy, the object of which is to facilitate the 
smelting operation. If phosphorus causes iron to be very fusible, and coal, flux, and labour, may be 
saved in smelting bog ores wliich contain phosphorus, the first inquiry must be whether the cold- 
short iron thus obtained is of any value. 

Arsenic and zinc cause lead and silver ores to be easily melted, but the loss in silver by this 
operation is so great as to make it desirable to remove these volatile metals before any smelting 
is entered upon. We may flux copper by arsenic, but not by lead, because we can remove 'the 
fiM in reflning, but not the latter sufficiently to form a good quality of copper for sheets. 
Arsenic, lead, or zinc may be in iron which is destined for wrought-iron, for these metaU are 
easily removed in the refining process. It is always more safe in smelting gold ores to have 
lead, copper, or silv^ present, and if possible all of them ; for gold la very volatile and extremely 
divisible, hence much of it may be lost when no other metals which act by their quantity are 
present. Lead fuses at 600°, tin at 500°, and bismuth at 400°; but a composition of the three 
may be made which melts at 212°, a heat far below the most fusible of the iugredients. This shows 
how great the advantages are which may be obtained by forming alloys in the smelting furnaces. 
It is the degree of fusibility of the slags and that of the metals which determines the expenses of 
smelting. The number of alloys is infinite. We canndt establish tables of fusibility a priori ; 
these must be determined by practice. In aU smelting operations it is necessary to find the most 
profitable conditions by experiment. 

If an alloy is more fusible than a single metal, it foUows that, when one or the other con- 
stituent is removed, the fusibilty of the metal is impaired. An alloy of lead and arsenic is more 
fusible than pure lead ; but when the alloy is exposed to heat for a long time, arsenic will evapo- 
rate ; and as it was the cause of fiuidity, the lead will not be so fusible after losing its fiux. Iron 
is made fusible by the presence of carbon or other substances, but when these are removed it is 
very refractory, and can hardly be melted. Upon this principle the formation of wrotight-iron is 
founded ; and in applying it to other metals there is no doubt but similar results are obtained. 
Tin is refined by oxidizing or evaporating sulphur, arsenic, and other matter ; this causes the tin 
to be less fusible, but more tenacious. When zinc is melted in an iron pot, and exposed to the 
air, it forms dross on its surface, like other metals ; its fluidity is consequently diminished, but its 
malleability is improved. A layer of carbon, or, what is still better, a layer of common salt, or 
bone ashes, prevents such phenomena with zinc and similar metals. 

Specific Gravity. ^yf hen metals are melted together and form an alloy, there is produced a 
remarkable change in their specific gravity ; which is sometimes greater and at other times less 
than the mean. A condensation of volume is manifested in melting together zinc and gold ; the 
specific gravity of the compound is greater than the mean of the con^tuents ; gold also and sUver 
condense, or gold with leaa or bismuth ; silver combined with copper, lead, tin, bismuth, and zinc 
or antimony shrinks; also copper with tin, zinc, or antimony; lead with zinc, bismuth, or antimony; 
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mercury with tin or lead, biflmnth or antimony. An expansion takes place when cold is melted 
with copper, iron, or tin ; also platinum with copper ; iron with antimony, bismuth, or tin ; idso 
copper and lead ; tin and zinc, lead or antimony ; zinc and antimony, and mercury with bismuth. 
In consequence of this contraction or expansion we are justified in assuming a similar change in 
tiie aggregate form. 

The hardness of alloys is generally greater than may be inferred from the nature of the consti- 
tuents ; still there are exceptions to this rule. SUver or arsenic renders iron hard ; but these metals 
are soft by themselves : copper and tin, two v^ soft metals, may be made extremely hard by 
melting them together in certain piOportlons. J^ard zinc and copper make soft brass, and a com- 
pound of lead and iron is extremely soft. Antimony causes all metals to become hard ; iron, with 
a little antimony, cuts glass very readily, but is very brittle. 

The ductility of alloys is in some cases greater than the elements indicate ; that of lead and 
zinc is very tenacious. In most instances the alloy is more brittie than the original metals. Lead 
and antimony is veiy brittle. Two or more brittle metals melted together are always brittie. A 
compound of lead and gold is very brittle. There is no precise limit at which we know when 
brittle or malleable alloys are formed ; it is necessair to find this by practice ; but there are strong 
indications that the alloy of an equivalent composition is always hanier than a mere mechaniod 
mixture of metals. Any alloy, when slowly heated and gradually cooled, — annealed — ^is softer 
than a compound which is suddenly chilled. Li annealing, the various elements which are in 
combination endeavour to separate. Heat here, as everywhere, weakens affinity. This causes a 
finely crystallized, or a granulated fracture ; the component particles endeavour to assume a round 
form. When a hot alloy is sudd^y chilled, the particles of which it is composed contract 
suddenly, and form a close, compact bodv ; at least the ultimate crystals are condensed into the 
smallest space, which causes them to be hard. This is most strikingly exemplified in some 
kinds of iron. 

Any kind of iron in market may be considered an alloy; there is no such thing as pure iron. 
Some wrought-iron contaios much foreign matter, and still is soft as lead, and fibrous. If such iron 
is heated to a certain degree, that is, beyond tiie degree at which it has been manufactured, it 
becomes cast-iron, is brittle, and when suddenly chilled becomes hard, similar to steel. Such 
iron may be annealed and softened like steel, or any other alloy. The hardness of an alloy 
is therefore less dependent upon its composition than upon the arrangement and form of the 
ultimate particles. 

Oxidation, — Alloys oxidize more rapidly than single metals ; to this rule there are, however, 
remarkable exceptions. Hardened or crystallized metal oxidizes more rapidly than tempered or 
annealed metal, which is most strikingly exemplified in iron and steel. It appears that metals 
expand on being suddenly chilled. The spaces thus formed between the cijstals are fissures into 
which oxygen may penetrate with facility; and as the crystallized form of the particles afibrds 
much surface for combination, an oxidation is readily effected. An allo^ of antimony and iron, two 
metals which are remarkable for crystallization, oxidizes very readily ; such an alloy may be 
ignited by mere filing, particularly when it is a Uttie heated previously to that operation. 
Chrome and lead act in a similar manner. Antimony and potassium bum spontaneously, and if a 
littie warm, with explosion. An alloy of tin and lead— soft solder — bums with a vividness 
equal to carbon, and if some zinc is present only a low heat is required to ignite the mixture. 

An amalgam of potassium and mercury is so sensitive to oxygen that the mercuiy is oxidized to a 
high degree. In many cases, and under peculiar arrangements, ue oxidation is carried to the highest 
degree : we have seen that in roasting sulphurets, phosphurets, and other compounds, the metal is 
always oxidized to the highest degree. The same cause acts in both cases. When two or more 
metals are melted together, there is a perfect penetration of the one by the other. In heating the 
mass, the tendency to separation is augmented, and as the ultimate particles of one metal cannot 
congregate and form large particles, they are exposed to the action of oxygen in their minutest 
form, and consequently will combine with the largest quantity of oxygen. If one kind of metal 
is more oxidizable than the other, or if the mass is porous, the oxidation goes on, not only faster, 
but must proceed to the highest degree, because the atoms of metal may be attacked by oxygen 
on all sides. While some alloys are easily oxidized, others resist that infiuence more than pure 
metals. 

Pure iron is very easily oxidized, and often throughout, when in heavy masses. It has been 
found that a lot of bloom four inches thick, of puddled iron, was oxidized in a reheating furnace by 
giving merely a drawing heat to such a degree, that when drawn out between roUers into bars, 
these were found to be converted partly into magnetic and partiy into protoxide of iron. This iron 
was puddled under the influence of a cinder Mghly charged with chlorides. Metals are porous, 
and easily penetrated by other matter. Thus, water enters successfully into the body of cast or 
wrought iron ; and if a metal is present, or any other substance which decomposes water, the iron 
is easoly oxidized. We find, when carbon is present, that oxygen has little efiect on iron ; but 
when any of those substances which form acids, such as arsenic, antimony, or sulphur, are 
combined with the metal, it is an easy prey to oxygen. An alloy of chromium and iron resists 
oxygen as well as gold ; and phosphuret of copper is not so easily afiected as pure copper. Bronze 
will resist the influence of oxygen much longer than pure copper. 

It appears that the degree of affinity has less influence on the oxidation of metals than 
the aggregate form of their particles and the strength of their union. Hardened steel oxidizes 
more r^ily than annealed steel, and chilled cast-iron more so than gray cast-iron. Hammered or 
rolled lead is less penetrable by mercury than cast lead. German silver, which is composed 
of oxidizable metals, is little affected by oxygen, and less so when rolled than when cast. Copper 
has a strong affinity for sulphur, and is more readily attacked by it than iron, when finely divided; 
yet, when in a compact body, it will resist that substance far more successfully than iron. Some 
kinds of brass are remarlcably liable to oxidation, while others resist it more effectually. A 
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sniface of metal) which is highly polished, and particularly when polished by robbing it with a 
hard substance, is far less subject to oxidation than a rough surface. If it is desirable to resist 
oxidation, or in fact the influence of any other matter upon metal, those alloys must be formed 
which have naturally little affinity for that particular substance, and which, in the mean time, 
form the mpst intimate union, so that the penetration of foreign matter into the body of the metal 
is prevented. It is not the compactness of zinc or lead which prevents their oxidation in the 
atmosphere ; it is the cover of oxide, which forms a close body, and prevents the further 
penetration of oxygen. We may assert that the density of gold and silver has as much influence in 
preventing their oxidation as their want of affinity for oxygen. Affinity between the metals of an 
alloy has, in consequence of an intimate union, a large share in preventing oxidation. 

Iron is easily oxidized, but it is less subject to that influence when combined with phos- 
phorus than when alloyed with sUver or gold, particularly the former ; this is chiefly because 
silver has but little affinity for it, and is thus excluded from its crystals, and forms a layer 
between them. There is a s^)aration ; oxygen flnds access, and a rapid action of it is the 
consequence. Carbon protects iron successfully, not in consequence of its greater or less affinity 
for oxygen or iron, but chiefly on account of its form. Carbon is elastic, and will fill the 
spaces between the particles of metal. When gray or white cast-iron contains five or six per 
cent, of carbon, the latter will form a body, when liberated, which cannot be condensed into 
the same space again by any mechanical means; and even in the form graphite it occupies 
nearly the space of the iron. Still, cast-iron is porous. All substances foreign to iron, which are 
contained in the finest kind of cast steel, cannot, when liberated, be condensed into the same space 
which they occupied in the steel ; and such steel, when glass hard, is very porous ; there is not even 
cohesion between its particles ; it is brittle. 

Component Elements of Metallic Alloys in General Use, 

Yellow brass, 2 parts copper, 1 zinc. Rolled brass, 32 parts copper, 10 zinc, 1*5 tin. 

Brass — casting, common, 20 parts copper, 1*25 zinc, 2*5 tin. 

Hard brass, for casting, 25 parts copper, 2 zino, 4*5 tin. 

Gun-metal, 8 parts copper, 1 tin. 

Copper flanges for pipes, 9 parts copper, 1 zinc, 0*26 tin. 

Brass that bears soldering well, 2 parts copper, 0*75 zinc. 

Muntz's metal, which can be rolled and worked at red heat, 6 parts copper, 4 zinc. 

Statuary metal, 91*4 parts copper, 5*53 zinc, 1*7 tin, 1*37 lead. 

German silver, 20 parts copper, 15*8 nickel, 12*7 zinc, 1 '3 iron. 

Frick's German silver, 53*39 parts copper, 17*4 nickel, 13 zinc. 

Metal for medals, 100 parts copper, 8 zinc. Pinchback, 5 parts copper, 1 zino. 

Chinese silver, 65*2 parts copper, 19*5 zinc, 13 nickel, 2*5 silver, and 12 cobalt of iron. 

Britannia metal, 1 part zinc, 1 antimony \ , .^^ « ««♦:»,««« i v.i. ♦k 

men foaed r«ld 1 Inlimony, 1 bianuth | 1 ^n". 2 antimony, 1 bumuth. 

Aich^s metal, an alloy of iron, copper, and zinc, called also sterro metal. 

Babbit's anti-atrition metal, 25 parts tin, 2 antimony, 0*5 copper. 

Bell-metal for large bells, 3 parts copper, 1 tin ; for small bells, 4 parts copper, 1 tin. 

Newton's fusible alloy, 3 parts bismuth, 5 lead, 3 tin ; melts at 212^. 

Bose's fusible alloy, 2 parts bismuth, 1 lead, 1 tin ; melts at 201^. 

Very fusible alloy, 5 parts bismuth, 3 leeA, 2 tin ; melts at 199^. 

Solders. — Tin solder, coarse, 1 part tin, 3 lead ; ordinary tin solder, 2 tin, 1 lead ; melts at 500° 
and 360° respectively. Soft spelter-solder, for common brass-work, 1 part copper, 1 zinc. Hard 
spelter-solder for iron, 2 parts copper, 1 zinc. Solder for steel, 19 parts silver, 3 copper, 1 zinc. 
ii)lder for fine brass-work, 1 part silver, 8 copper, 8 zinc. Pewterers' soft solder, 2 parts bismuth, 
4 lead, 3 tin. Pewterers* common solder, 1 part bismuth, 1 lead, 2 tin. Gold solder, 24 parts gold, 
2 silver, 1 copper. Hard silver-solder, 4 parts silver, 1 copper. Soft silver-solder, 2 parts silver, 
1 brass-wire. 

Fusibility of Alloys. 
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Tin melts at 442°. Bismuth at 480°. Lead at 600°. 



Specific Beat of Various Substances. 



Water 1*0000 

Hydrogen .. .. 3*2936 

Steam 8470 

Nitrogen .. .. '2754 

Air -2669 

Oxygen .. *.. -2361 

GarbonioAcid .. '2210 



Glass 

Iron 

Copper 

Phospb 

Zinc 

Alcohol 
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Ductility and Malleability of MetaU, 
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Works that treat of Metallic Alloys: — Hervd (A.), ^Nouveau Manuel oomplet des Alliages 
M^alliques,' 18mo, Paris, 1839. *The Useful Metals and their Alloys,' by Sooffem, Truran, ftc, 
crown Svo, 1856. Calvert (C.) and Johnson (R.), * On the Relative Powers of Metals and Alloys 
to Conduct Heat,' Philosophical Transactions, London, 1858. Calvert (C), *0n the Specific 
Gravities of Alloys,* Philosophical Magazine, London, 1859. Percy's (Dr.) 'Metallurgy,* 2 vols., 
Svo, 1861-64. Ziurek (O. A.), * Technologische Tabellen und Notizen,' Svo, Braunschweig, 1863. 
Guettier (A.), * Guide pratique des Alliages Metalliques,* fcap. Svo, Paris, 1865. Overman (F.), 
* A Treatise on Metallurgy,' royal Svo, New York, 1866. Larkin (J.), *The Practical Brass and 
Iron Founders* Guide,* crown Svo, Philadelphia, 1867. Graham (W.), *The Braasfounders' 
Manual,* 12mo, 1868. 

ALLUVIAL DEPOSITS. Fb., Debris cTalluvion} Geb., Anschtoemmungen ; Ital., Strati 
d*alluvioHe ; Spax .. Bepdsitos de aluvion. 

Alluvial deposits are those deposits of earth, sand, gravel, and other transported matter, made 
by rivers, floods, and other causes upon land, not permanently submerged breath the waters of 
lakes or seas. 

ALUMINUM. Fb., Aluminium ; Ger., Aluminium ; Ital., Aluminio ; Spak., Aluminio, 

Aluminum is the metallic base of alumina. This metal is white, but with a bluish tinge, and is 
remarkable for its resistance to oxidation, and for its lightness, having a specific gravity of only 
about 2*6. The electrical indifierence of this metal is most striking, and its effects upon other 
metals have been extensively investigate. Aluminum is produced from alumina by a peculiar 
smelting process. When pure alumina, the oxide of this. metal, is mixed with finely pulverized 
carbon, and exposed in a porcelain tube to a red heat, and, in the same time, chlorine is conducted over 
it, a dry chloride of aluminum is formed, accompanied by a vivid combustion. When this substance is 
placed in a porcelain crucible, upon whose bottom some pieces of pure potassium are deposited, and 
the crucible is well covered and luted, and then gently heated over a spirit-lamp, a reduction of 
the alumina is performed by the potassium, with the production of a high heat at the moment when 
these two metals decompose each other. Here is a reduction of one metal by the other, as we have 
seen it performed in reducing sulphurets. 

This operation is, therefore, not confined to sulphur, oxygen, phosphorus, and similar substances ; 
it applies to all metals and their combinations, and it requires nothing but a prM)er selection of the 
decomposing substance, and the conditions under which it may be performed. The aluminum thus 
obtained is similar to the alkaline metals ; it is very refractory, and does not melt at the heat of 
melted oast-iron ; it is hard, tenacious, and not oxidized at conunon temperatures, but requires a 
high red-heat for oxidation. This metal has been observed, alloyed with iron, in Indian steel, and 
it has been said that the excellent qualities of that steel are owing to its presence. Experiments 
which have been made with this view have shown that iron combined witn aluminum is remark- 
ably strong. In endeavouring to combine aluminum with other metal, we are in the same predica- 
ment as with the alkaline metals ; silex is reduced before alumina is effected by carbon ; and if any 
advantages are to be derived from an alloy of this kind, silex ought not to be present at its forma- 
tion. The process used at the Talyndre Works for the manufacture of alumina has been described 
in the Revue Universelle. 

At the Talyndro Works they are working a very valuable ore, furnishing pure alumina by two 
very simple operations, which now renders the preparations of aluminum an actual metallurgical 
operation in the Ollionelles, near Toulon. Its average composition is — alumina, 60 per cent. ; oxide 
of iron, 25 ; silica, S, and water 12 per cent. = 100. After being pulverized under an edge-runner, it 
is mixed with soda, and heated in a reverberatory furnace. The mass, although not even aggluti- 
nating, becomes changed into an aluminate of sodiE^ and a double silicate of soda and alumma is 
obtained, mixed with oxide of iron, silica, and a little of the alumina which has not reacted. The alu- 
minate of soda is dissolved out with water (the impurities remaining undissolved), and thrown in fine 
streams through a current of carbonic acid, by which means alumina is thrown down, and carbonate 
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of Boda nmains. The precipitated eJmniiia is sepuKted by decantatfon, and wadied with wktm 
water to renwye the last trawfl of Boda. In pnietioe do soda is lost, eicepl a Bmall portion converted 
into Bilieatea, the remainder being reooTered by evaporation. The alumina is caimpletelj dried, and 
is ready for Una! treatment. The manufacture of the sodium has been but little modified. The 
final reaction which jietde the aluminum ie effected in a reveiberstory fnmace. To the double 
chloride of aluminum and sodium is added about 5 per cent, of sodium ; and lastly, cryolite as a 
fiux. Bj this meana the metallic almninmn a eoonomically and speedily produced. 

To prepart (Ae CMoridt of Alummum.~A. mixture u made of alumina and ebaMOCd. and th« 
whole made into paste with some oil, so that it may be shaped into small lotenges. Thia mix- 
tnre is placed in a well-made fire-clay retort, 
Fig. Ill ; Eis soon as the retort is brought to a 
dark ted heat, a current of dry chlorine gas is 
passed into the retort, whereby at first water ia 
expelled from the apparatus, And soon after 
vapoun of chloride of alaminum are produced 
in abundance. The TapourB of the chlonde of 
aluminum are collected in the bell-jar F, which 
is so narrow that it bood gets sufSciently hot to 
cause the fusion of the chloride of alummnm, 
which is beooe obtained in a concrete mass 
The bell-jar, used as a condenser, is fixed to 
the neck of the retort A by means of a funnel G, 
luted on with fire^Jay mixed with chopped 

cow-hair ; the tube at the other end of the con _ 

denser serves to carry off the caibonio oxide *■ 

gas, which most be ignited Eifler the air has 

been entirely expelled from the apparatus In order to prevent the neck of the retort A from 
chocking up, it should not project out of the furnace more than five or six inchts Witb the appatatus 
just described, 12 lbs. of chloride of aluminum may be prepared daily. The aluminum la obtamed 
frcm the salt known as unmonia alum, a double salt of alumina and ammonia as bases, both com- 
bined with snlphiuie acid ; it so happens that, at higher temperatures, both the ammonia sod 
mlphnric acid are volatile, and hence alumina is left in a state nearly pure, if the salt previously 
used bepuro. 

ALUMINUM BBONZE. Fit., Aluminium trome; Qkb., Alnminiam bnmtt; Ital., Bromo 
(ToBunuBio ; 8pi»., Bnmce <U aluminio. 

Aluminum bronze is an alloy of copper and aluminum mixed in different proportions. This 
alloy has a golden hue, and is extensively used in the manufoctura of cheep jewellery. One hun- 
dred parla copper and ten parts aluminom, measured by weighing, when combined forms a very 
durable alloy, which may be forged and worked in the same manner as copper. This alloy, of 
100 c. to 10 al., takee a fine polish by being burnished, and is the same colour as pale gold ; 100 o. 
and 5 al. forms an alloy, which takes a fine polish by burnishing : it resembles pure gold in 
coloni, but is leas durable than the former alloy of 100 c. and 10 al. Farmer's Aluminum Bronze 
is a mixture in which the copper may vary from 65 to 80 per cent, of the whole, and the zinc, or 
other light-coloured metals, from 35 to 20 per cent, of the whole : the aluminum being from -^ths 
to ifirjthB of the whole quantity of the Itgbt-colourcd metals used. 

AjUALGAM. Fh., Amalgame ; Geb., Amalgam ; iTAn., Amalgama ; SfAH., Amalgama. 

An amalgam is a compound of mercury with some other metal, or a native cranponnd of 
mercury and silver. See Ahaloahitiho Macbuic. Gold and Bilteb. 

Ahauiauatinu Machine, in lilner tnini'n^. 

AMALGAMATING MACHINE. Fe., Machiw i amalgamer ; Gkb., Amaigmair ifoscAfnt; 
Ttal., Macehiaa per mnalgamatv ; SpAy., Sornitto para cocef amalgamas, 

Vame^s amalgamating pan is shown in Figs. 112, 113, 114, 115, 116, 117, 118, 119, 120. 
Fig. 112 is a vertical section of this amalgamator ; Fig. 113, a plan of the parts beneath pan ; 
Fig. IH, elevation of the amalgamator complete; Fig. 115, view of interior of amalgamator; 
Fig. 116, view of one-half the lower dies with wood in Sots ; Fig. 117, view of under-side of one- 
haU of muller with shoes attached ; Figs. 118 and 119 stand for gear on vertical shaft; and Fig. 
120jpillow-block for the driving-Bhaft. 

The body of the amalgamator consists of a pan or tub A, Figs. 112 and 114, with oover B, 
throngh which is an opening for the introduction of the pulp to be ground and amalgamated. The 
pan is supported on suitable framework, shown in Fig. 113. From the centre of the pan, and 
extending from its bottam,-to which it is cast, some distance above the cover stands the vertical 
tubeD, through the interior of which is a hole passing vertically through the pan, in order that the 
shaft C may work through it. On the bottom of the pan, and secured to it by bolts r, is fixed the 
lower muller a, consisting of a circular iron-plate having a round bole il in its centra, considerably 
larger than the base of the tube D. This die may, if desired, be made in sections. 

That portion of the hole through the muller not occupied by the tube D, is so filled with wood, 
as to present a plain surface from the tube to the circumference of the muller. The diameter of 
this muller is somewhat loss than that of the interior of the pan, by which means a space u' is left 
to be filled with quicksilver. Above the lower muller is the upper one b, of like general form and 
■ize, having twelve shoes c, the form and relative podtions of. which will be understood by 
■uppoeing a plate of the diameter and thickness of the lower muller attached to the under-side of 
the upper one, and sawn into twelve equal parts on lines drawn from tbo circumference of the 
plate to the oatside of the tube D. The saw must also be supposed to be held inclined at an angle 
of about forty-flve degrees, thus forming radial grooves from tne inner to the outer opening. 

Each shoe is fastened to the muller by a bolt, or a wrought-iron rivet, cast into the shoe and 
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riveted Into a connter-aiok on the upper uda of the tnuUer, bb ehovro at /, Fig. 112 ; the boeee« and 
TeceaoBB j, keep tha die in its plaoe. Id the lovei muller ore mdiiJ slote, aimiliu' to thoee in the 
upper one. These slots m&; be either inclined lateral!; or be made vertical. The slots in 
the lover muller are filled with wood, so as to grind on its end, in order that it may be kept 
slightly warn, in advance of tha wear of tha die ; thiu furnishing a mvity for the admission of pup 
between the 8uiiac««, by which the grinding capacity d the machine ia greatly increased. 




Over and around the tube D but not n contact with t is placed the larger tube E, eiactly 
perpend cular to the lower face of the upper muller and having around its lower extremity ' 
the flange V upon wh ch rests the nn^ i wh ch la cairt ^ th, and forms a port of. the upper 
muller This u connected « th the muller by means of six curved arms i, two iwirs of which 
are much nearer togetl er than the others, and the space between them ia filled by a projection 
from the periphery of the flange V, for tbe punpoec of carrying with it the upper mullet when the 
flange makes a revolution. I'o the shaft C is Wenod the large tube E by tlie feather i, and set- 
screws / in the hub O, The shaft V passed through a H,jibet metal itanng at m, and through the 
boas P of the driving-wheel, in which ia a feather sliding vertically in the shaft. The uiaft is 
Htepped, by the ordinary muthod, into the vertical sliding-box H, which ia itself held in the laterally 
adjustable box O. 
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The itep-boi rfeta upon od imn bar, one oncl of which ja Bopported by a, bctow bolt a. Pie. ll.'i,' 
and the other is held bj a bolt and hand-whenl *, Figa. 114 and U5, by which it etui be either 
nuwd or lowered ; taiaing or lowering the upper muller at the n — " — 




Within the body of the pan are suspended three curred plnlca r, Firh. 112 and IIS, extending 
ftmn near the surface of the upper muller apwarde, and atreUhing in longth from the inner side 
of the pan aronnd to a point Dear the oatnde of the large hoes, opposite that from which they 
started. 

The bwer edge* of the carved plates are bent inwards, as shown at s, Fig. 115, forming flanges. 
The inner ends of the cnrved plates are secured rigidly to the ring q, of sufBcient diameter to 
surrunnd and cle&r the tube E; the whole bring suspended by a rod attached to each plate, passinR 
through the cover and hand-wheels J, by which it may be sdjnsted. The outer ends of the curved 
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plaieB slide vertically in grooves in the projections t, cast upon the inner side of the pan. The 
operation of this apparatus is as foUows : — The space a' about the periphery of the lower mnller is 
filled with quicksilyer, and the pan nearly filled with pulp, of the proper consistency to flow easily ; 
the shaft C is now made to revolve at aproper speed, from sixty to eighty revolutions per minute, 
by which the upper muUer is rotated. The pulp between the mullers, by means of the centrifugal 
force developed, is made to pass out through the radial channels between the dies, as well as 
between the grinding surfaces of the upper and lower mullers ; also into and over the quicksilver, 
thereby causing amalgamation. 



116. 
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The outward motion of the pulp has the effect of keeping the quicksilver entirely away from 
the grinding surface, thereby obviating what has often proved a very serious difficulty, the grinding 
of the mercury. 

The rotation of the upper muller causes the pulp in the pan to revolve with it. This curr^t 
is met by the cuneiform projections and curved plates, and thereby turned towaids the centoal 
opening in the upper muller. The radial slots between tne shoes, running from the central opening 
to the outward one, allow currents of considerable size to pass with great velocity ; and the pump 
fiUing these slots, being continually thrown outwardly, tends to prepuce a vacuum. By this the 
pulp in the body of the pan is set in motion, causing a rapid and abundant flow downwards at the 
centre, and upwards along the inner surface of the pan. The pulp is thus made to circulate, until 
complete pulverization of the quartz and amalgamation of the metals have taken place. 

Reference. — A, pan or tub ; B, cover ; C, vertical shaft ; D, central tube ; E, exterior tubes ; 
F, boss of driving-wheel ; G, hub of outer tube ; H, sliding bearing ; J, hand-wheels ; O, adjust- 
able box ; V, flange of outer tube ; a, lower muller ; a', space for mercury ; 6, upper muller ; c, snoes 
of muller ; rf, hole in centre of lower muller-; e, bolts securing lower muller ; /, bolts securing 
shoe to upper muller ; A, ring on upper muller ; », curved arms of muller ; k, sliding key ; 
/, lugs to keep shoes in place ; /, set-screws ; m, Babbit's metal bearing ; q^ rings supporting curved 
plates ; r, curved plates ; «, flanges of curved plates ; <, brackets supporting plates ; w, fulcrum of 
lever ; x, hand-wheel for lifting muller. 

AMALGAMATION PAN. Fr., Poite a amalgamer; Gbb.. Amalgamamir-pfanne; Ital., 
Macchina per amalgamare ; Span., Homillo para cocer amalgamas. 

This pan, shown in Fig. 121, differs from ordinary pans which are employed for the same purpose, 
especiallv in the shape of the bottom. The bottom of this pan is inclined towards the centre, and 
is shaped like the inverted frustum of a cone, to which the shoes are bolted, and the corresponding 
dies are fastened to the bottom of this frustum. When the pulp is thrown in and the Mullers set in 
motion, that portion of the pulp which finds its way between the grinding surfaces is thrown 
towards the circumference, from whence it again descends to the centre by gravitation, and passes 
between the mullers. A constant circulation is thus established without the aid of the curves 
or wings employed in the Wheeler Pan, which have sometimes been found an impediment in 
starting the machine after the sand had become packed from stopping. The charge for this pan is 
about 1400 lbs., and the time required for working it is from two to four hours. The time varies 
in accordance with the fineness, state of division, and other characteristics of the pulp. When the 
ore has been sufficiently reduced and amalgamated, the pulp is, after dilution, discharged into the 
separator, and the amalgamating pan immediately recharged without stopping the machine. After 
the pulp has been run off into the separator, it is further thinned down with water to such a 
consistency as will allow the mercury and amalgam to settle, whilst it still retains sufficient 
plasticity to hold the coarser particles of ore in suspension in water. If the compound be in a 
proper state of dilution, the mercury and amalgam will gradually precipitate, and at the same 
time no perceptible difference will be felt in the consistency of the pulp situated near the bottom 
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(tod thftt at the top of the Teasel. When, howeTer, too Urge ft portion of wfttei hi 

ocMtnei pttrtidce will be telt to diBtinctly eepAiate fiom the Blime, and to strike h( 

when pln^ near tile bottom of the 

■epuntor. Tlua pan usi 

between fifty and aiitj r 

minute. 

The Hepbimi and Peterson Pan is 
much employed in the reduction esla- 
blishmentB of the Pacific CoaEt, end, in 
addition to being an excellent amalga- 
matot, it is also a, good grinder ; but it 
haa the dieadTantt^e of reqniiing the 
expenditure of from four to five faotso- 
power for efficteot working. The obarge 
of the UTieeler Pan is not only lew 



Wheeler I^ it also leea ooniiderable. 
See BiLVEB. 

AHALQAMATINQ-PAN. Pb., 
Maclun^ a <Bnal<iinntr ; Geb., Amali/a- 
tnir ' ofoitfM ; ItaL., Appancchia per 
; Span., Homillo para cooer 



AUALQAXATDB, AltimoiPt. In gold 
iiiifiing. 

Attwood'B amalgamator ii shown in 
Figs. 122, 123, 124, 125: it is designed 
to save the gold as it issnes from the 
stamping mill. Fig. 122 ia a sectional 
elevation; Fig. 12^ plan; Fig. 124 
lower end of tyen ; and Fig. 125, end 
irf steam-chest. 

In this arrangement Attwood does 
not make nse of blankets, but the 
ground ore, iamiing from the battery- 
screens, SowH directly on to the amal- 
gamalor, where it is gentlv stirred by the 




plates, where a great portion 



of die cylinders A, turning u 

FBe-board B, oovered by aa»lgi - ,,-- 

Igam, escaping fron the caet-iron mercury boxes a, will 




be collected. In order that the mercnry in the boxes under the rollen may not become too cold, 
and its affinity for gold bo thuu rendered Bluggis)), they are ceet with a double bottom, through 
which a current of steam can be made to paiut, and which m easily regulated by an oidinary tap. 

Friid the rifSes 6, the ground material peiwes into the-tye C, of which the bottom is inclined at 
a dmsiderable angle, and which a provided at the lower end with a slot o, for regulating the depth 
of water within it. This ia done by means of the stops c'. In order to catch any globuica of soft 
amalgam or mercnry, which mav become detached from the surface of the amalgamated plates, 
a smaJl cistern D, mnmng the whole width of the riffle-board, is provided : In this is an agitator d, 
taming in the direction ijndicated by the arrow, and which constantly keeps the box, to the depth 
of its arms, free from accumulations, so as to form a depression in which the mercury and amalgam 
may become deposited. 

To nse this apparatus, one of the slope c' ia placed in the slot c, and the mill started in 
the usual way ; the sand which has passed through the amalgamator soon reocbea the tye, and the 
heavier portions begin to aecumnJate behind tlw stop, whilst (he lighter particles aro carried off by 
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the durent. The lomoval of the light sand it farilitatcd by gentlv Bweepin^ the Borfare of the 
deprwit upwanls agabst the stream with a li^ht broom, a boy being elationed there for that 
purpose ; and when tho pyritea wliieh in deprraitcil accumulated to the hei^rht of the top of the 

A,^.. ..__ ___.!.__ ■. ■ ._! __j .t .-._ ■ . _.._ _[ Wheoone of the tyes 

d and water into the other. 




Jt that by thb meana the pyritea will be collected in the tjee in a very concentrated 

form, and that the amount of labour required ia but Hmall ; we have, however, neicr aeen tfaia 
appamtDs in operation, and are without any precise data ahowing its efficiency, aa compared with 
the blanbeta and riffles now in general use. 

Hefermce.—A, agitating rollers with iron bladea; o, mercury troughs; B, copper riffles; 
C C, tyoa ; c, apertures at bottom of tycs ; c" c', stops for bottom of tyes ; D, trouKh for collecting 
mercury and amalgam ; d, agitator in trough ; E, tongue for directing course of tailings into tyes 

AMBULANCE. Ft, Jmtufancc; Gee., Feldhospital ; Ital., Ospitale airbul<mte; BpiN., 

A variety of contrivances have been invented for the conveyance of eoldieta wounded in battle ; 
the main object of these contrivances, termed ambulances, is to remove the men with tlie least 
poMible Buffering, and to place them, consequently, in an easy position, consistent with the limited 
apaoe allotted for this purpose, or until they can tie removed to an infirmary or military hoapital 
Fig- 126 repreaenta a carriage designed to carry five wounded men ; such carriages are empfi^ei 







ta the Italian wmy, and conatrocted according to directions given by Dr. Bertani. The inside of 
1 ^^ ^L."? '^S*,' *V- 126, contains «ve beds, nameFy. two on the aide-seats, which are 
Biaraa lengthwise in the body of the carnage, and two above these supported by beams which are 
used to iron pillars or supports ; the fifth bed ia placed at the bottom ot the body of tho carriage 
DetwMU tbe seats. The carriage ia made to open sideways, bo as to give facility to place the 
wonnded men on the beds, which test on flat ateel springs that act with ease, in oonaeqnenco of 
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their nicety adJuEtod power of elasHcitj. Tenhs, made of zino, ue plaood under the Bapports of 

the beds ; these tanlia aie fitt«d with Buitable ^tta-percha tubing, which carries off the fluida that 

eec&pef to funiiels nbich conumuiicate with opening under the carriage where the tiuids are 

diacha^ed. The upper beds, by meauB of a miitabla meohamcal contriTance, con be lowered bo u 

to obviate an; dlfBcmt; that might arise in 

placing the men apon them with ease and 

rapidity : the beds, with the wounded men, 

are replaced by the ume mechanical con- 

triTanoe. The fmrao-wOrk of the vehicla 

shown in Fig. 126 is solidly and well bnilt ; 

the body is supported upon six aprings of the 

beet make ; ventilation is amply provided ; 

and great care baa been taken to exclude 

strong light, which might interfere with the 

comfort of the temporary oocapaats. 

Fig. 127 iB an end view of the carriage 
ahowD in Fi^. 126; the door at the back is 
shown in F^. 127 ,' it is strongly made, and 
on its inside there are pocketa which bold 
bottles of medicine and other necessaries. 
The driver's seat is constructed to carry three 
two and the driver. This oonvey- 





Hwe, riiown in Figs. 126, 127, is light, and may be easily drawn over bad roads or through fields 
by- two horses. 

Fig. 128 represents an American hospital ndlway-waggon. fitted up for thirty men. This 
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waggon or carriage is abont sixty-five feet long ; it is divided into two parts, one of which contains 
a chemist's shop and a surgery, together with a small compartment for attendants. At the opposite 
end there is a small compartment for the goard and bieaksman. The beds are supported by strong 
straps of vulcanized inaia-rubber. This ambulance, Fig. 128, is properly lighted and ventilated, 
and, when necessary, it can be heated by a stove. Fig. 129 is an end view of the carriage shown 
in Fig. 128. Strong breaks, similar to those used on ordinary American railway-carriages, are 
applied to the wheels of this ambulance both fore and aft. 

AMMUNITION. Fb., Munition de guerre ; Okb., Kriega-^mmuniiion ; ItjlL., MwUziane; Sfak., 
Municiones de guerra. 

See Obdnakob. Suall-abms. 

ANCHOB. Fb., Ancre ; Geb., Anker ; Ital., Aneora ; Spak., Anch, 

An anchor is an instrument employed for obtaining a teniporary hold of the ground, either 
under water or on land, but principally in the former position. By its use a strain may be resisted, 
as in the case of the ship at single anchor, or moored ; or a fixed point may be obtained on which 
to exert power, as in the case of a vessel aground, the anchors of which, being laid out at a distance, 
enable her to be hove off by power exerted on board. 

The shapes of anchors are various, to fulfil special objects. The weights range from the 
112-cwt. anchors of the * Great Eastern,' down to those of the smallest yacht ; but the proportion of 
tonnage now employed in the Boyal Navy is given in the following Table : — 



AXCBOI& 



Bower 

Stream 

Eedge 



Idont OF Battle Ships. 



Abovs 

3fi00 

Tons. 



Cwta. 
100 

90 

9 



Abow 

2100, 

under 

35<t0 

Tons. 



CwtR. 

95 
25 

8 



Abore 

2000. 

aad«r 

2700 

Tons. 



Cwts. 
90 

25 

7 



Under 
2000 

Tons. 



FBZ0ATK9. 



Abow 

3500 

Tons. 



Cwts. 
75 

20 

5 



Cwts. 
85 

25 

7 



AbOTC 

2700. 



3600 
Tons. 



Cw»s. 
75 

20 

5 



Abore 
2000, 



2700 
Tons. 



Cwts. 

70 

20 

5 



TTnder 
2000 



Tons. Tons. 



60 
18 

4 



CoRVErraa. 



Abow 
1600 



Cwts. Cwts. 



50 

14 
4 



Abore 
1100. 



1600 
TonsJT 



Cwts. 
45 

12 

4 



Above 

960. 

under 

1100 

'ons. 



Cwts. Cwts, 



40 

10 

8 



Above 
700. 

under 
060 

Tons. 



30 
9 
8 



Abore 
300, 

under 
700 

Tons. 



Cwts 
25 

7 
8 



Under 
600 

Tons 



Cwts. 
20 

6 

2 



Dkbpatch 
VKasBU. 



Above 
800 

Tons. 



800 
Tons. 



Cwts. 
25 



Above 
600. 



Cwts. 

20 
6 



Ouv- 

BOAXB. 



Under 
600 
Tons^lTons. 



Abon 
360 



250 

Tons. 



Cwts. 
14 



Cwts. 
9 

5 



Cwta. 
7 

3 



The average appears to be about ^^th part of the tonnage for bower anchors of the larger 
classes ; one-third of this for the streun, and ^Vth for the kedge. 

Among solid anchors the best form is that of the British Admiralty, shown in Fig. 130 ; it 
consists of a shank A, with two hooked arms E, E, termed flukes, and a stock B ; the shaio^ A has a 
ring or shackle G, at the end. That end of the shank which is next the stock is called the small 
round ; the point F, where the arms and shank unite, is termed the oroum ; and the rounded angle 
at its junction with the arms, the throat. The arms, for about half their length, are made either 
round or polygonal ; the remaining half consists of three parts, namely, the blade, tiie palm, and 
the bill. The blade or wrist is the continuation of the arm towards the palm or fluke D, which is 
a broad, flat, triangular plate of iron fixed on the inside of the blade. The bill or pea G, is the 
extremity of the arm. I, I, are projections intended to enable a wooden stock to be applied in case 
of necessity. The forelock and its chain are shown at H, Fig 130. 

Among hinged anchors the best forms are those of the Porter or Trotman, shown in Fig. 131 
and the Martin, Fig. 132, which has the peculiarity of holding with both flukes. 

130. 





The chief requisites of a good anchor are solidity, holding-power, and non-liability to 
''fouling.** Also the imohor must be easy to ''cat** and "fish,** and certain to "bite** when a 
strain is appUed. 

And here a comparison may be useful between the old form of anchor, as the Admiralty (vide 
sup,) and hinged anchors. While one fluke of the old form must always be standing up out of the 
ground ready to go through the bottom of an iron ship, or to inflict serious damage on a wooden one, 
and is always likely to catch the " bight** of the (main cable as it is dragged round when a gale 
arises and the ship swings to her anchor, and thus cause a foul anchor,— the ninged anchor has no 
such inconvenience, and in the case of Martin's has a far better hold of the ground. Against this, 
in the Admiralty anchor are to be put the solid advantages of superior strength and simplicity. 

A rude but efficient form of four-fluked anchor is made of wood and stone. Fig. 133, and is 
still in use in eastern countries. The anchor of most civilized nations ia made of wrought iron, 
but for this, as in chain cables, steel might with advantage be substituted. Since the introduction 



of ebiiii c*blea, a grmt part of tha weight tormealy considered necemry may be diapented with, if 
the teiwile strength temuna the aame, Thia ta on Bccount of the fact that the vsight of chain 
lying OD the mod or ooze at the bottom cotitribatee so mnoh to hold the ship, that she rarely "look* 




kt her UMbor" unlesa in a hotvy gale. A naefnl fonn of land-anchor ia that where, inatead of an 
anchor of the ordinary type, poata of wood or bara of iton are made to do the aame dnty. 
Fig. IM. 

The laying out of large anchon in caae of diiaater at aes is beat aocompliahed by the iiae of two 
boat! of nmilar aiia, between which the anchor ia along. Fig. 135. A, A, are apaia laahed fore and 
aft in the ba»ts; B, B, are larger and aborter apara, wbiith reat on A, A, and support Uie anchor hung 
below ; C, C, stock of anohor ; D, the anchor. 

Every man-of-war baa two " bower " anchors — the beat and the amall ; a sheet anchor, same aiie 
aa the beat bower ; a spare anchor, ditto ; and a atresm anchor ; with two or more " kedge " anchon of 
amaller size. The two bower anchors, as their name impliee, ate always at the bows,— beat bower 
steirboard side, small bower port tide, secured to the "cat-heads" and " flih-botlaid ; " abeet anchor 
starboard aide, abaft foie-chaine ; spare ditto ditto port side : the others as most conTenient, bnt all 
generally outside the ship's gonwalo, whrae they ma; eaail; be got at in case of necesaity. The 
miiahioom anchor for moorings ia shown iu Fig. 136. 
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Pig 137 reproeente the anchor of E. I 
!, lunged to the anchor-ahank B, b; aeparate bolts|^ D, independently of 
re connected by means of a sesment O, passing tnroogb a slot A, in the shank B. 

ThoancboT of E. Snell, Fig. 1 3S, has fonflionka,c,c, fixed to the morable aim* <!, which take 
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double grip when the anchor is moTed by the rsble along the hoIdilig-gTom)d. A strong key-bolt 
g, seta M B hinge at the taming point ; the ranj^e of the motion is limited by the cami e, t. A 
Ebackle/, la fixed at (the crown. The hiima c,c, caose the anchor to tie on the gmund in the right 
position, and compel the palma to penetrate the ground and take hold at once. The use of a 
stock on the ahaiik a, in tbia anchor ia dispensed vith. It has great holding power, lightueaa, 
facility of stowage, non-liability to fonl, and bciJity of withdrawal from fool groimd or obstriictioiu. 

The anchor of V. 3. „_^ _ 

I*Uuun is shown in Fig. '"' /»A "* /f 

139. It ooualBtaof a ahank 
A, with two flukes, D, 
pivoted to a stock B, which 
Tibmte on either aide of 
the latter to an extent de- 
tennined by the contact of 
a crown-piece C, with the 

The anchor of the Vic- 
toria Docks, Londm, ii a 
heavy iron caating, resem- 
bling a aextiLDt in fonn, 
Fig. 140. The length of 4 
the curred part of the back I 
is 12 feet, the are being 1 
atmck from the centre of Y 
the gate pivot with a [adioa \ 
CD, of 11 feet. Inconae- o 
qoence of its great aize it 
waa cast in two pieces, 
which were bolted together 
through the middle rib : it 
of bed-platea ncailj 70 feet 1 
Strang plates, bedded further back ill 

The anchor strap, which ta of wrought iron, in 7 inches deep end 2 inches in thickness, increased 
to 5 ioches in the middle of the length. The rin^ or upper aiia of the gate which it aurroands is 
18 inches in diameter. It ia formed of a piece of forged iron flrml; riveted to a wrought-iron plata 
i of an inch thick, on the top of the gate, which is Btiflcned by additional gusset-pieces and angle- 
irons. The strap is adjnatad by means of keys ; and provision ia made for bi ■mining them and the 
stiap with facility. 

Ancbobs, Chain-cables, asd HAvrSEiie at HEBCBAjrp«Hir8, 

According io Lioyifa Suies. 




place by ten vertical bolts, 
eter, taking liold of a mass 
of solid brickwort 10 feet thick, bj meuia 
n addition two long raJcing bolts, pasting thnragh 
n the brickwork of the wall. 
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1-00 




14 


13-75 


180 


8 


5-5 


3-5 




90 


150 








600 


8-2 


2-50 


1-25 




15 


15-75 


180 


9 








90 


175 








7-25 


9-5 


2-75 


1-25 




1 


180 


IHO 


9 








90 


200 








8'251 10-4 


300 


1-50 




1 1 


203 


IMO 


10 


6-5 






90 


2.50 








1000 120 


4-75 


2-25 


I'oo 


1 2 


22-75 


210 


10 








90 


300 








1200 139 


5-00 


2'50 


1-25 


1 3 


25-5 


210 


11 


7-5 


5-5 




90 


350 






2 


13-50 15-2 


6-00 


3-00 


1-50 


1 4 




240 


11 


7-5 


5-5 




90 


400 








15-25 l(i-7 


6-50 


3-25 




1 5 


31-0 


240 


12 


8 






90 


4.50 








16-75; 19-0 


7-00 


3-50 


1-75 


1 6 


Sl-0 


270 


12 


8-5 


6-5 




90 


500 








18-00 i 19-0 


8-00 


4-00 


2-00 


1 7 


37-2 


270 


13 


9 






90 


600 








21-00; 21-6 


9-00 


4-50 


2-25 


1 8 


40-5 


270 


13 


9-5 






90 


700 








23-50 23-5 


10-00 


5-00 


2-50 


1 9 


44-0 


300 


14 








90 


800 








25-50 25-2 


10-50 


5-25 


2-75 


1 10 


47-5 


300 


14 








90 


900 








27-75 26-9 


11-00 


5-50 


2-75 




51-2 


300 


15 






5-5 


90 


1000 






2 


30-00 1 28-e 


12-00 


6-00 


8-00 


] 12 


55-1 


300 


15 






5-5 


90 


1200 


3 




2 


3200| 30-1 


13-00 


6-50 


3-25 


1 13 


59-1 


300 


1 




9-5 




90 


1400 






2 


34-00 ! 31-6 


13-50 


6-75 


3 -25 


1 14 


63-25 


300 


1 




10 




90 


1600 








36-50: 33-4 


14-00 


7-00 


3-50 


1 15 


67-5 


300 


I 1 




10-5 


6-5 


'M 


1800 








38-00 


34-5 


14-50 


7-25 


3-50 


2 


72-0 


300 


1 1 




11 




90 


2000 






2 


40-00 


35-7 


15-00 


7-50 


3-75 


2 I 


76-5 


300 


I 2 








90 


2500 








42-00 


37-1 


17-00 


8-50 


i-25 


2 2 


81-3 


330 


1 2 






8 


90 


WOO 









45-00 


392 


19-00 


9-50 


*-75 


2 4 


91-1 


360 


1 3 




12 


8 


90 
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Two of the bower anchors must not be less thun the weight set forth above, but in the third a 
reduction of 15 per cent, is allowed. All anchor-stocks must be of acknowledged and approved 
description. 

Unstndded close-link chains of 1 inch in diameter and under, are admitted as cables, if proved 
to two-thirds the test required for stud-chains. But in all such cases a short length, not less than 
12 links, must be tested up to the full strain for stud-link chains. 

In cases where parties are desirous of using or supplying chains of smaller size than is set forth 
above, a reduction is allowed not exceeding -jij^th of an inch in chains of 1 inch to 1| inch diameter, 
and |th of an inch in chains above H inch diameter, provided they be subjected to the Admiralty 
strain for the size for which they are to be substitutea ; and further, that a few links, not less than 
twelve, to be selected by the tester, shall be proved to the breaking strain, and show a margin of 
at least 10 per cent, beyond the Admiralty proof for a chain of the full size required by the 
Table. 

For steamers the anchors and cables will not be required to exceed, in weight and length, those 
of a sailing vessel of two-thirds their total tonnage. 

ANCHOB-TRIPPER, or Anchob-Stoppeb. Fb., Arrcmgement mfcamque pour vitement dtftacher 
Vancre €t le /aire tomber dona Peau ; Geb., Eine Vorrichtung zum schnellen Wer/en der Anker ; Ital., 
Apparecchio per gettar Vancora ; Spak., Aparejo para soltar el ancia. 

An anchor-tripper is a device for the purpose of relieving or forcing the anchor from the davit 
or cat-head. In the anchor-tripper of W. Stacy, Fig. 141, the tripping line E, turns the hook D, 
which holds the ring, thus permitting the ring to slide off its suspending hooks. A is a block ; B, 
the davit or cat-head ; and G a rope passing through the block and over the davit ; F is a guide- 
block over which the rope passes, and G is a belaying-pin. Fig. 142 illustrates the manner in which 
the anchor-tripper of B. H. Heitmann is applied : A is a hawse-pipe, and B the anchor. To throw 
the anchor off from the rail with this tripper, it-is only necessary to raise a lever &, which rests 
upon the rail ; when this lever is raised, both the shank-painter and the ring-stopper are instantly 
discharged by the motion given to the rotating bar or keeper D, with its troughs /, /, chain d, and 
latches c, c. 

The anchor-tripper of G. Gibson is shown in Fig 143. This invention consists in so forming or 
arranging upon the upper edge and inner side of the bulwarks of a vessel, and at or near the bow, a 

142. 
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resting surface or supjwrt ^, A, for the fluke of the anchor, that when desired, by simply releasing or 
unfastening the said support by means of the detaining lever P, the anchor (/, will readily fall and 
drop by its own weight. 

Works and Reports on -4ncAor«;—* Anchor-making* in Steel's 'Rigging and Seamanship/ 4to, 
1793. Bering (R.), * Treatise on the Anchor, with some Observations on Chain-cables,* royal 8vo, 
1819. Rodger (Lieut. W.), * Improvements in Anchors,' 8vo, 1830. Jamieson (A.), *On the 
Mechanical Properties of Porter's Patent Anchor,* 8vo, 1843. CJotsell (G.), * Treatise on Ships' 
Anchors,' 12mo, 1856. ' Parliamentary Reports on Anchors,' 18G0, 1804. ' Rapports de la Com- 
mission du Ministere de la Marine sur TExposition de 1867,' Paris, 2 vols., 1868. 

Ahzxometebs employed in Mining Opebations. 

ANEMOMETER. Fb., An€numetre ; Geb., Windmesser ; Ital., Anemometro; Span., Anemd- 
metro. 

The anemometers of which we treat are instruments designed to measure the force and velocity 
of currents of air in mines through chimney-shafts and in other places. Meteorologists employ 
machines, termed anemometers, which they employ to measure the force and velocity of the wind ; 
of these machines we take no particular notice here. 

Means employed to Measure the Velocity of Air, — The difficulty of measuring the velocity of the air 
with precision has been, and still is, the chief obstacle against the attainment of conclusive experi- 
ments which shall indicate the laws of the effort exerted. 
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^le moat gencKl owde adopted bj experimetitera coousta in thiowlDg to the wind light bodiec, 
snoh M fskth^B, Uiutledown, tlie Bmoke of powders, or the esaeiice of turpentine, and in obBerring 
the diataiuMB described, with the oom^MmdiDg times, id the movemeut of tnuialBtioD. But thia 
simple method Kflbrde but little pretnBion, on aooonnt of the small diat&nces in which thej can be 
obaerred ; of which we ehbll apeak preaently. 

ADemometere, compceed of b KtnaU light fan-wheel, whose motion is transmitted to a counter 
which regialers the numbei of toma, ore most certain, and ooDveuient for use, though the; moat 
previously be tested, or the relation existing between Ibe velocity of the wind and the number of 
turns of the wings must be accurately determined : this determination presents great dificuJtiesL 

Host generally, we accomplish ttua test by placing the instrument upon the horizontal arm of a 
species of horse-gm (Fig. 158) with a vertical aiia, which is made to turn as unifonnly as possible. 
We then observe simultaneouslj the number of turns of the wings and the velocity of butalation 
of the instrument, and then suppose that the effect produced bj- this movement of the appantm 
in the air the same as that which would be doe to the action of the wind, impressed with the 
velocity of transpart of the anemometer, upon the wings of the instrument at rest. 

In examining the different ayatems of measuring the velocity of air in mines, we shall describe 
the conatruction and practical application of the anemometers now generally employed : the fint 
we shall describe ia a very light anemometer which H. Combes, Inupcctor-General o{ Mines, coo- 
stmcted to measure the small velocities of air, principally in the ventilation of mJTimg worhs. 

Anemometer of M. Combes. — This instrument is similar to Wottinian's mill for ganging streams 
of a considerable section. It ia oompceed of a very delicate axle A (turning in agate capsX npcm 
which ara mounted four plane wings, equally inclined as to a plane perpendicular to the axis. In 
the toiddle of the aile (Fig. 114) is cut an endless screw, which drives a small wheel, B, with 
a hnudied teeth, so that the latter advances one tooth 
for each revolution of the axle bearing the wing^ The 
axle of the first wheel carries a small cam, which acts 
upon the teeth of a second wheel, R'. The last ia held 
fast by a claw or very flexible ateel spring, which is 
attached to the horizontal plate upon which the instru- 
ment ia mounted. At each revolution of the first wheel 
with a hundred teeth, driven by the endless screw, the 
cam starts one tooth of the second wheel with fifty teeth. 
The two wheels are marked at intervals of ten teeth ; the 
first from one up to ten, the second fhim one to five. The 
iitdei-poiuterB, fixed upon light nprighta, which bear the 
axle t^ the wings, serve to mark the nnnber of teeth 
which each wheel has advanced, and thus to indents 
the nnmber of Tevolutiooa of the axle of the wings. By 
means of a detent and two cords, which move it, we may, 
at a distance, arrest the rotation of the wings, or allow 
them to turn, under the impulse of the current of af 
which strikes them. - - — 

The manner of using this instroment is easily understood after this deecriptioiL We plaoe the 
limbs at zero, and the instrument in the axis of the air tubes, keeping the limbs immovable by- 
means of a catcli, which is loosened at the momeut of commeucing the observation, and made fast 
at the end of the same. 

It is well to prolong the observation as long a time aa poMiUe, and for two or three minutes at 
least, if it can be done. The division of the limbs does not admit of oonnting over 5000 turns, 
which, for a velocity of air %-M feet per sMond, would (mly coneapond with a duration of about 2'S 

The teat or error of (hose instruments may differ very much front each other, though their 
dimensions may seem identical in all pointa. It should Uien be made for each one in particular, 
and repeated, aa far aa possible, whenever we wish to use it after an interruption. 

Thus the anemometer, whose trial was reported by M. Comijes, gave 
o = 0-8458 foot -I- 0-3005 n, 
T> being the velocity of the air in feet per BBOond, 
and n the number of turns of the winga in 1". 

Another anemometer of the same model gave the relation 

V = 04921 foot + 0-3821)1. 

Eetnarh upon Vie Vse of the Imlrttment. — This little inatrumept ia handy for the measnroment of 
amall velocities, aince we see that it can appreciate those from 0-492 to 0-82 foot per second. In this 
case it works long enough to give sufficiently exact indications in practice, still with this condition, 
that the current shall be continnous and tolerably r^ular, auch as is the case with mines whoee 
ventilation is produced by pennanenl causea, dightly varying from one instant to another. 

Tie lie'istance of the Air, — The phenomena produced by bodies moving in air ore similar to those 
presented by liquida, and the resistance which it opposes to the motion of the«e bodies is of the 
same kind. Still, it is proper to distinguish between what oocnra in uniform motion, and that 
which takes place in variable motion. 

In the first case, the velocity remaining the same, the fluid mnleoulea, snocessively driven asida 
by the body, experience the some displacements, receive the same velocities, Emd in differeni 
instants of ita motion the body meets the same resistance. But in variable motion, aocelereted, for 
example, the fluid molecules receive greater and greater degrees of velocity : and aa they belong to 
an elastic fiuid, the fluid prow formed in float of the body acquires a density and mass continually 
increasing, whence it follows that the mass displaced increases in the same time aa the velodtj 
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imparted to it. We oonoeiye then, a priori^ that the greater the acceleration of motion -r , bo will 

be the resistanoe ; and so we may foresee that, in aooelerated motion, the expression of the resistance 
of the air must comprise, besides other terms, one peculiarly due to the acceleration of motion 
itself. It was reserved, however, for the experiments of Morin at Metz for the first proving of this 
matter, to which we shall allnde presently. 

RetulU of Experiments, — The celebrated Borda made, in 1763, experiments npon the laws of the 
resistance of air, by means of a kind of fan-wheel, with a vertical axle and horizonted arms, a little 
oyer 7 * 15 feet in length. He placed at the end of this arm the surfaces and different formed bodies 
on which he wished to operate, and he observed the uniform velocities of the fly-wheel under the 
action of different weights. He thought the influence of the friction of this apparatus might be 
overlooked, which has occasioned some uncertainty in his results ; for it is difficult to admit that, 
in dealing with so small a resistance, the portion of the motive weight engaged in overcoming the 
friction should not be comparable to that surmounting the resistance of the air. 

Borda placed in succession, at the ends of the arms of his apparatus, square surfaces of 9*56, 
6*38, and 4-25 inches at the sides, and set them in motion with weights of 8*8, 4*4, 2*2, 1*1, and 
0*5 lbs., and consequently with different velocities. From the dimensions and data relative to 
this apparatus, the author has calculated the resistances of the air corresponding with the different 
velocitiea, and the results expressed in yards are given in the follovring Table :— 

Results of Bobda*8 Expkbdisnts upon the Besistancb of Aib. 



Snrfaot of 9*591 iDchet each lide^ 
or of *0T0e9 Bqnare yard. 



RwiaUooe 
of Air. 



VelodUeB. 



lb. 
16695 
0-07895 
004168 
0- 02084 



yards. 

3-787 

2-690 

1-891 

1-334 



Squares of 
Velodtiea. 



14-34 
7-237 
3-579 
1-780 



Surface of 6*394 indies each aide, 
or of '03166 siiiiare yard. 



Besistance 
of Air. 



Velocities. 



lb. 
0-16713 
0- 08356 
0416 
0-02083 
0-01036 



yardi^. 
5-938 
4-199 
2-978 
2091 
1-382 



Squares of 
VelodtiesL 



35-26 

17-64 

8-86 

4-28 

1-91 



SurfSuse of 4*263 inches each ride, 
OT of -01402 aqtuire yard. 



Resistance 
of Air. 



lb. 
1592 
0-0796 
00399 
0-01986 
0-00944 



Velocities. 



yardi. 

9-053 

6-397 

4-505 

3-84 

2-252 



Sqnaresof 
VelodUes. 



81-94 
40-93 
20-30 
10-14 
6-07 



If we represent these results graphically, in taking the resistances for abscissae, and the squares 
of velocities for ordinates, we find all the points relative to the same surface are situated in a 
straight line, thus indicating that the resistance increases as the square of the velocity. The small 
extent of surfaces used by Morin could not manifest with certainty the existence of a constant term 
in the expression of resistance. 

Comparing these results with the formula B=K,Ay (expressed in yards and square yards), 
we have for Kj the following values : — 

Square of 9585 in. or 0*26575 yd., side, E, = 0*1618. 
Square of 6 • 390 in. or • 17716 yd., side, Kj = • 1472. 
Square of 4 - 263 in. or - 1181 yd., side, K| = - 1382. 

The coefficient E, is for A in sauare yards, and Y in yards. 

It is to be observed that Borda having neglected the influence of friction, which Increases with 
the resistance and the motive weights employed, the apparent diminution of the resistance for the 
smaller surfaces may be attributed to this cause. 

JSxperiments by M. Thibauli upon Bodies in Motion in the Air. — We are indebted to Thibault for 
numerous and very well executed experiments, published at Brest in 1832. He used for his 
experiments a fly-wheel with two wings, turning on a horizontal axle, and moved by a weight, 
which the resistance of the air itself soon rendered uniform. This very light wheel was composed of 
a steel axle 2 - 13 ft. in length by * 016 ft. square, terminate by journals with a diameter of * 0082 ft. 
The arms of the fly were each formed of an iron rod 8*97 ft. long by 0*045 ft. wide in the direction 
of movement near the axle, and 0*016 ft. near the ends, with a constant thickness of 0*019 ft. in a 
direction parallel to the axle. The side of the arm striking the air was beveled. 

The wings were mounted upon the arms of the flyer, and at first directed in planes passing 
through the axis ; then by means of suitable arrangements they were inclined, 1st, in turning them 
around the radius ; 2nd, in turning them round parallel to the axis, so that their direction left the 
axis either in the front or in rear. The inclinations thus obtained were varied at intervals of five 
degrees, and were carefully measured. The motion of the fan-wheel was produced in all cases by 
the same motive weight of 8*82 lbs., and the duration of twenty turns made with uniform motion 
waa observed. 

Morin calculated the results of the experiments of M. Thibault, in applying the formula 

B = K,'A + KiAV», 
which represents, as we shall see hereafter, all the results of the experiments made at Metz. In 
giving to the coefficient K,' relative to the constant resistuice, independent of the velocity, the 
value K, = 0*08002 (units of yards), derived from these experiments upon a fan-wheel, we are 
enabled to deduce the value of the coefficient Ej dependent upon the velocity. The inclination 
of the surface of the wings towards the direction of the motion was also taken, by introducing in 
the second term of the formula, in place of the area A = 0-12323 square yard, its projection upon 
a plane perpendicular to the direction of the motion. 



64 



ANEMOMETER 



EXPEBDDEFTS OF M. ThIBAULT UPON THE ReSISTANCK OF AlB. 









kO ^^K JU* J 












Indinft- Time of 20 


Velodtj 


Total 


Part of the 


Restotanoe 
proportioiial 


Ratio of the 
resistaiioe to 


Prcdectkm of 
anrteoeopoa 


Reriataooeper 
' square jrard 


tioa of rerolntioiu 
Burfiuet. of WbeeL 


of the 
Wings. 


of each 
Wii«. 


iodepeDdent to the iqaare 
of the 1 of the 


thefMiaare 
oftbe 


plane perpeo- 
dicuLar to 


projected, 

and pvr yard 

of Velocity. 




1 


Velocity. 


Velocity. 


Velocity. 


Motion. 


o 


aecoDds. 


yards. 


lb. 


Uk 


lb. 


lb. 


tq.yaTd. 


lb. 


90 


68-40 


2-752 


1660 


• • 


1563 


002063 


0-12323 


0-16737 


85 


68-07 


2-765 


1658 


• • 


0-1561 


0-02041 


0-12278 


0-16619 


80 


67-90 


2*772 


0-1658 


» • 


1561 


0- 02031 


0-12139 


0-16729 


75 


67-70 


2-781 


0-1658 


00097 


1561 


0-02018 


011904 


,0-16953 


70 


65-56 


2-828 


1655 


• • 


0-1558 


0-01^8 


0-11581 


0-1682 


65 


64-76 


2-906 


1655 


• • 


0-1558 


0-01845 


011169 


0-1651 


GO 


62-47 


3014 


1651 


• • 


0-1554 


001710 


0- 10673 


0-1602 


55 


61 15 


3-078 


0-1648 


• a 


1551 


0* 01637 


0-10095 


0- 16-21 


50 


60-25 


3 124 


1648 


■ • 


01551 


0-01588 


0-09440 


0-K582 


45 


56-75 


3-318 


0-1642 


• • 


0-1545 


0-01403 


0-08714 


01610 


40 


52-83 


3-563 


0-l«35 


» • 


0-1538 


0-01211 


0- 07921 


0-1529 


35 


48-50 


3-882 


0-1622 


• * 


0-1525 


0-01011 


0-07084 


0-1428 


30 


43-00 


4-378 


0-lf>02 


• • 


0-1505 


0-00785 


0- 06161 


0-1274 


25 


36-75 


5 122 


0-1569 


• • 


0-1472 


0-00561 


0-05208 


0-1077 


20 


30-50 


6 173 


0-1549 


• • 


0-1452 


0-00381 


0- 04214 


0-0904 


15 


24-50 


7-683 


01411 


• • 


01314 


0-00222 


0-03189 


0-OtK>7 


10 


19- 


9-910 


1220 


• • 


0-1123 


000114 


0- 02137 


0-0535 



This Table oontainB the data of the experiments of M. Thibault, and the results of his calcu- 
lations. The figures entered in the Table show that the resistance to the square yaid of surface 
projected perpendicularly to the direction of the motion, and per yard of velocity, where the value 
of the coefficient K, of the formula, B = K| A V^, does not decrease so long as the angle of inclina- 
tion is not below from 50° to 60"^. 

Remarks ujxm Wituj-rcijulators and Windmills, — It follows in the case of fan fly-wheels used as 
regtdators of motion, where the winj^s are inclined and turn round the radius of the fly-wheel, that 
when the motive power is too feeble we do not have a diminution of resistance until the wings 
have passed the inclination of from 50^ to 60^ ; and as these regulators should also serve to prevent 
the acceleration of motion when the motive power increases, and consequently then afibrd the 
greatest resistance, it would be well, in the normal state, to place them at an angle of about 35-^ 
with the plane perpendicular to the direction of the motion. 

It seems that something analogous to this is produced in windmills, the sails of which are, 
by some special mechanism, made to incline when the wind has acquired too much intensity. 

Experience shows, in fact, that this disposition, the aim of which is to check the velocity from 
being too greatly accelerated by the effect of squalls, does not fully attain its object, and that the 
mill, whose normal velocity is hoxa five to six turns in one minute, by a good breeze from 16 to 19 feet 
of velocity per second, reaches that of from twenty-nine to thirty turns, and more, with greater winds. 

Experiments upon different formed Surfaces. — M. Thibault has successively repeated the same 
experiments with concave cylindrical surfaces ; he arrived at the same consequences, and has esta- 
blished the fact that, with an equal projection of surface, upon a plane perpendicular to the direc- 
tion of the motion, the resistance increases gently .with the cm-vature. 

As for hollow surfaces, with double curvature, such as frame surfaces, the resistance increases 
with the curvature, and more rapidly than in the preceding case. 

^ A comparison was made of the resistance offered by bent sails, with that experienced by plane 
sails with the same surface as that of the sails developed ; the two surfaces of folded sails were each 
- 1302 square yard, and the lower side was brought near the upper, as is usual with sails under the 
action of wind ; and Thibault found that the resistance of the bent surface was the same as that of 
the plane surface, notwithstanding the diminution of the projection of the first surface upon the 
direction of the motion. - A comparison is thus made between the increase of the resistance due to 
the curvature, and the diminution due to the narrowing of the projected surface. 

This consequence is important, inasmuch as it facilitates the applications relative to the action 
of wind upon the sails of vessels. 

Influence of the Inclinition of the Wings. — It was found that when the vanes are inclined so that 
the axis of rotation is found in front of their plane, in regard to the direction of motion. Fig. 145, 
the resistance diminislies rapidly as the inclination increases, and that at the inclination of 55° it 
is not more than 0*5715 of the perpendicular resistance ; while when the axis of rotation is foimd 
behind the plane of the wings, the resistance goes on increasing even up to the angle of 55°, Fig. 
146, for which it is equal to 1 -2293 times the perpendicular resistance. 

i«. Ud. 147. 
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These results show that this mode of inclining the vanes of fly-regulators answers readily the 
proposed purpose, since in disposing them so that the vanes may be inclined at will in either 
direction, Fig. 147, the resistance ex])erienced may be rendered greater or less, according to the 
necessities of the case. 



ANEMOMETER 65 

The Bame experiments, repeated upon ottrred siirfaoes, with different degrees of inclination, have 
led to similar oonsequenoes, Wliile indicating a still greater intensity of resistonce than is experienced 
by plane surfaces. This explains the advantage which navigation derives from the movements of 
rotation impressed upon sails parallel to the axis of the masts. 

Influence of the Approximation of the Surfaces which are exposed to the Resistance of the Air, — M. 
Thibault has also xnsule some experiments to ascertain whether two equal surfaces (placed one 
behind the other, a very small distance anart) experience a less total resistance than when isolated. 
For this purpose he mounted upon his ny-wheel four wings, placed in pairs, the one behind the 
other, at a distance which he has not given, and he found for the case upon which he operated 
that the resistance of the posterior was not over | of that of the anterior surface. This result, 
which can be applied to railroad trains, is important, and it was desirable that more complete 
experiments should be made upon this subject. See Dtkahometeb, Railway Car. 

Influence of the Form of Surfaces, — The same experimenter having placed at the extremities of 
his fly-wheel various surfaces of the same area, but of which two were square,, two circular, and two 
in the form of a right-angled triangle, so that the centre of their figure was in all cases at the same 
distance from the axis, has observed that under the action of the same motive weight the fly-wheel 
took, in all cases, the same velocity, which shows that the resistance is independent of the form of 
the plane surfaces experimented upon. 

Resistance of Air to the Motion of Spherical Bodies. — This particular case, which is of special 
interest in the study of the motion of projectiles in the air, has for a long time occupied the 
attention of philosophers and geometricians. Kewton was the first to experiment npon this subject, 
in observing the fall of spherical bodies. Hutton and other observers have studied this resistance 
in the case of small velocities, by means of a rotating apparatus ; and more lately the latter, in 
comparing the velocities of projectiles at different distances from the piece of ordnance, has 
extended his researches to great velocities. 

Here, however, we limit ourselves to indicating the results more especially applicable to 
industrial qnestions. 

From a summary of Newton's experiments upon the fall of glass globes in air, with velocities 
comprised between zero and 29 * 528 feet per second, at a mean temperature of 53 ' 6^, and at a pressure 
of 2*46 feet, the value of the coefficient Kj was about 0' 0007137, so that the resistance experienced 
by spheres moved in the air, at velocities comprised within these limits, would be 

B=0-0007137 AV3=0-0007137 P273 '^» ^®' '^*^ ^^ ^®®* » 
or R =005781 AV»=0-05781 j^ V», for units of yards ; 

but in great velocities the coeflScient of the resistance increases with the velocity ; and after a 
discussion of Button's experiments, and those of the Commission at Metz, General Plobert has 
proposed, for a representation of the law of the resistance of the air to the motion of projectiles^ the 
formula 

R=0-03546 AV» (1+ -002103 V), units of yards, 
R = • 00043778 AV» (1 -h • 0070102 V), units of feet ; 

which would indicate that, with these velocities, the expression of the resistance must contain a 
term proportional to the cube of the velocity, and that the constant term is without a sensible 
influence. 

Experiments at Metz upon Bodies moving in Air. — ^Numerous experiments, with the joint labour of 
MM. Plobert, Dldlon, and Morin, were made at Metz in 1835 and 1837, which were more par* 
ticularly made by M. Dldlon, in which they made use of chronometric apparatus to observe the 
law of the descent In air of different formed bodies, and of different dimensions. These experiments 
were made where the experimenters could avail themselves of a vertical fall of 46*916 feet. 

The bodies empoyed were suspended upon a silk cord, wound round a pulley, which in its 
motion bore a style whose trace upon the plate of the chronometric apparatus. Impressed ¥rlth a 
known milform motion, and observed at every experiment, furnished the law of motion of the 
descent of the body. 

Special experiments were made to determine the passive resistances of the apparatus, to keep an 
account of them in the calculations. 

Without going into a detailed discussion of the results, and the tests applied to them, we simply 
indicate the method adopted for the calculations. 

3IM. Morin, Plobert, and Dldlon, from their experiments upon the resistance of water, concluded 
that in the expression for the resistance of fluids there existed a constant term, and that of a term 
proportional to the square of the velocity. This conclusion was confirmed by the experiments which 
they made upon the resistance of air, obtained from uniform motion. 

A first series of experiments, made upon a thin plate 1*267 sq. yd., gave for the expression of 
the resistance of the air, 

B = 00663 lb. A + 0* 1372 AV»; in units of yards ; 
but as the fall of 46*9 feet was not sufficient to give at the end of it a strictly uniform motion, and 
as we diall presentiy see that the resistance in variable motion must comprise a third term 

dependent upon the acceleration -j of motion, it follows that the term 0* 1372 AV^, which comprises 

implicitly this third term, is a little too great, and should be dimiaished. 

The exiatence of a constant term in the expression of the resistance was manifested in the 
experiments made upon a wheel with wings 1*09 yd. internal diameter, bearing square wings 
0-2187 yd, by 0*2187 yd., twenty in number, presenting thus a total surface of 0*9568 sq. yd. 

> F 
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Tlie remits of theae experiments were very exactly repreeented in the case of nniform motion by 
tfae fonnula 

B = 0-008892 lb. A + 0001907 AV; in nnits of feet, 
and 

R = 0-08002 lb. A + 0-1548 AV; in units of yards, 
as may be seen in the following Table, in which the Talues found, at different nnifonn velocities, for 
the coefficient of the term proportional to the square of the velocity are very nearly constant. 

EXFEBDfXirFS UPON THE BeSISTAKOB OF AlB TO THE MOTION OF A WhEEL WITH PLANE 

Plates. 



Uniform velocity of the centre j 
of resistance of wings, in> 
yards per second .. ..| 

Besistance of wings reduced! 
to the mean density of the) 
air 1 

Coefficient K, of the square ofi 
the velocity / 


yds. 
2-89 

nw. 
1-338 

-15818 


yds. 
4-11 

nw. 

2-602 
-15618 


ydi. 
517 

lbs. 
3-941 

•15077 


yd«. 
5-89 

lbs. 
5-183 

-15355 


yds. 
6-69 

lbs. 
6-502 

-14986 


7^ 
7-20 

lbs. 
7-867 

-15494 


7^ 
7-83 

lbs. 
9-166 

-15494 


yds. 
8-28 

lbs. 
10-458 

-15818 



MeanKj =-1548 



Velocity answering to the for-'^ 
mula ^ 






yds. 

2-918 


yds. 
4 129 


yds. 

5-108 


yd«. 
5-87 


yda 
6-58 


ya-. 

7-25 


yds. 
7-83 



yds. 
8-37 



A review of the coefficient gives slight variations from those recorded by Morin, the mean of 
which would be K, = 0* 1004 instead of 1002. 

This comparison of the results of experiments with those of the above formula show within 
what limits of exactness the latter represents the real effects. 

Method of Beckoning the Effects of- Acceleration, — It has been already shown that in elastic fluids 

the resistance must depend upon the acceleration of motion ; and if these considerations are admitted, 

it follows that the resistance of the air in variable motion must be represented by a formula of the 

form of V 

B=K/A'+K, AV2+K,A y. 

The experiments upon uniform motion having already furnished the approximate values of E,' 

and Ej , it remains to find that of E, , or rather the term E, A y* 

Without going into the details of the calculations, we limit ourselves to pointing out the method 
followed, since it shows a remarkable example of the advantages to be derived from a graphic 
representation of the law of motion. 

In the actual case, this law being represented by a continuous curve, whose abecisstB indicate the 
number of turns, or the spaces describeo, and whose ordinates express the times, it is clear that for 
one of these tangents, M F, for example, Fig. 148, the ratio of N P to M N, in the triangle MNP, will 
be the same as that of eiot^ representing by e the infinitely small increase of the abscissa in passing 
from the point M to the infinitely near point M', and by t the corresponding increase of time or of the 

ordinate : this ratio 7 of the elementary path to the element of time in which it was described is 

e 
precisely what is termed the velocity, which we express by the relation V= ^ ,- and we see that we 

may, by means of the graphic trace of Fig. 148, form a table of the simultaneous values of the 
times and velocities, and so construct a new curve, whose abscissie shall be the times T, and whose 
corresponding ordinates shall be the velocities Y. 

This new curve, Fig. 149, yields to analogous considerations; the tangents, at the different 

A Tt n 

points, give ns the ratio g-^ , which is equal to the acceleration 7-, v being the elementary increase 
of the ordinate or of the velocity Y , and t being always the elementary increase of the time. 



149. 





Consequently, knowing at each instant the total resistance B, or the portion of the motive effort 
employed m overcoming the resistance of ^e air, as well as the coefficients E/ and E, , we may 

calculate the term E, A -^ and so deduce the value E,. 
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This procesB may be abridged by operating upon that part of the curve relating to the end of 

the fiill, since the yariations of inclination of tne tangents of the first cnrTe are so small, that 

E-E' 
instead of tracing them, we may determine them by the value of the quotient iy_rji/ of the 

difference of two consecutive spaces divided by that oT the corresponding times. 

This ipgenious mode of discussion led M. Didion to assign to the coefficients of the formula, 
which represents the law of the resistance of air to the accelerated motion of descent of a plate 
1 * 196 sq. yd. of surface, the following values : 

R = 006633 lb. + 0-1295 V + 027652 j, 

which IB reduced in case of uniform motion to 

R = 006633 lb. + 0-1295 V», 
for one square yard of surface, Y being in yards. 

Proof of the Exactness of this Formula. — To show, a posteriori, that this formula, composed of three 
terms, represents the law of the resistance in accelerated motion more exactly than those which 
only contain a term proportional to the square of the velocity, or two terms, the one constant, and 
the other prraortional to the square of the velocity, M. Didion has first sought for the values of the 
constant coefacients which it was proper to admit for each of these formulas, so as to render them 
as exact as possible, and, after havmg found them, he calculated, by a very simple analytical 
method, the values of the times corresponding to the regularly increasing spaces described by the 
bodies, such as would be furnished by these formulae, and he has compai^ them with the real 
times furnished by the curve of the law of motion. From the results of this comparison, which for 
one particular case are entered in the follo¥ring Table, we see that the formula with three terms of 
resistance, re{>resents, quite truly, the law of accelerated motion of the descent of a body in air, 

V 

while the suppression of the term depending upon the acceleration -r does not admit of so exact a 

representation of this law, even in determining the coefficients so as to reproduce the calculated 
duration for one of the spaces, and that is also the case when we suppress the constant term. 

The only results inserted in the Table are those of an experiment, during which the temperature 
was at 62^*24' (Fah.) and the barometric pressure at 2 *465 feet of mercury. 

COMFABISON OF TdIES AND YELOCrnEB OF THE FaLL OF A PlATE OnE MliTBE SqUABB 

= 1 ' 196 Sq. Yd., Obsebved and Calculated. 



Spftoet 
deicrlbed. 













1 
1 
1 
1 
1 
2 
8 
4 
5 
6 
7 
8 
9 



yda. 

•0999 

•1993 

•2998 

-3994 

•4809 

•5997 

•6996 

•7996 

•8995 

•9995 

•2018 

•3998 

•5988 

•7990 

•9991 

•9987 

•9919 

•8098 

•9974 

•9970 

•9966 

•9962 

•8133 



Obserred 
Doratioiu. 



■econds. 



















1 
1 
1 
1 
1 
1 
1 

2 



•176 
•254 
•306 
•359 
•400 
•428 
•474 
•508 
•537 
•566 
•619 
•679 
•725 
•771 
•815 
•013 
•187 
•346 
•493 
•636 
•771 
•910 
•034 



Observed 
VelociUes. 



yds. 



■ • 






6-07 
650 
691 
725 
750 
7-60 
7-62 



DVKATtOm OALCULATKD BT THS FOBinTLA 



R = 0'66 + 
0129V3 + 

0-276 Y 



(2) 

R =0*066 
+ 0-166 V5 



seconds. 


sec 





178 


0- 





253 


0^ 





•310 


0- 





'358 


0^ 





•400 


0^ 





•428 


0- 





473 


0- 





■506 


0^ 





536 


0- 





•566 


0- 





•622 


0- 





679 


0- 





723 • 


0- 





771 


0^ 





•820 


0^ 




•013 


0- 




•186 






346 






497 






639 






776 






912 




2 


042 


2' 



•160 
•227 
•278 
•322 
•36Q 
•394 
•419 
•460 
•488 
•518 
•570 
•619 
•665 
•710 
•748 
•947 
•123 
•289 
•452 
•607 
•760 
•912 
•062 



(3) 

lb. 
R = 0*207673 



Velocities 
calcuLated 

by 
formola 

(0. 



seconds. 




















1 
1 
1 
1 
1 
1 

2 



•160 
•226 
•277 
•321 
•358 
•393 
•417 
•457 
•487 
•515 
•567 
•617 
•663 
•707 
•746 
•943 
•120 
•287 
•451 
•606 
•760 
•912 
•064 



yds. 



346 
5-46 
605 
6-49 
6-86 
714 
737 
756 
7*69 



Influence of the Extent of Surfaces. — To establish this influence, M.. Didion used a square plate, 
each side of which was 0^5468 yd., and so having an area of 0^299 sq. yd., or equal to a quarter of 
that of the first plate. In calculating tiie time of the fieJl by the same method as for the plate 
of 1 • 196 sq. yd., and by means of the same formula 



R = 1 0^066381b. + 01295 V^ + 0276 ^ J A yd., 
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he found between the results of observation and those of calculation a coincidence quite sufficient to 
permit him to conclude that, between the extended limits in which he had operated, the resistance 
of the air is proportional to the extent of the surfaces. The temperature and barometric pseesure 
were sensibly the same as in the experiments above referred to. 

CSOMFABISON OF ToTES AND SPACES DBBCRIBED IK THB FaLL OF A PlATB OF 0*299 Sq. Td. 

Surface, fbom Obsebvation and Calculation. 



Spaces 
described. 



0-0995 
0-2001 
0-2996 
0-4002 
0-4811 
0-5993 
0-6999 



DUBATIOV. 



Observed. 



seconds. 

174 

0-246 

0-301 

0-356 

0-387 

0-425 

0-460 



CalcnUted, 



seconds. 

0-173 

0-242 

0-297 

0-343 

0-384 

0-420 

0-454 



Spsoes 
described. 







1 

2 
3 



yds. 

8322 

9000 

9995 

993 

998 

998 



Ddkatiok. 



Obserred. 



•econdfl. 
0-490 
0-519 
0-547 
0-775 
0-951 
1-102 



OsIcolAted. 



seconds. 
0-485 
0-515 
543 
767 
939 
085 






1 



^Mces 
described. 



yds. 
4-809 
5-997 
6-997 
7-996 
8-996 
9-546 



DUKATIOir. 



ObaeiTed. 



seconds. 
1-240 
1-361 
1-476 
1-586 
1-693 
1-799 



OslcolAted. 



seconds. 



1 
1 
1 
1 
1 



215 
330 
412 
527 
646 



1-738 



Consequence of these Results, — ^We see by this Table that the calculated times of the falls are 
sensibly the same, though a trifle less than the observed times, which shows that if the coefficient 
of resistance varies with the extent of surface, it tends to diminish with the diminution of surface, 
rather than to increase, as some authors have concluded from experiments made by observation of 
the motion of rotation. 

In recapitulating, we may, without fear of notable eirori admit in practice that the resistance 
of the air is proportional to the extent of the surfaces. 

Experiments upon Parachutes. — One of the most useful questions among our researches upon the 
resistance of air which our means of observation enabled us to resolve, was an exact determination 
of the resistance experienced by parachutes. Their concave form causing, with the same surface, a 
marked increase of resistance, it was easy, in this case, to obtain a uniform motion of descent, 
which was indicated by the curve representing the law of motion, which in this case degenerated 
into a straight line, whose inclination furnished the value of the uniform velocity. 

The parachute emploved was composed of a frame of whalebones, disposed into four equidistant 
meridian planes, fastened upon a common rod, and strengthened by stays. This frame was covered 
with taffeta, strongly stretched, and it was suspended upon a rod, at the lower part of which was 
attached the additional weights. 

The exterior diameter of the parachute was 1 -461 yd. measured perpendicularly from the sides 
of the polygon, and 1-312 yd. measured between the nearest points of the arcs formed by the rim. 
Its perpendicular projection to the direction of motion varied from 1-433 sq. yd. to 1-444 sq. yd. 
of surface. The versed sine of curvature of this parachute was 1-41 foot to the plane of the ends of 
the whalebones. 

A discussion of the experiments in which the velocity was uniform has shown that the resistance 
of the air to the motion of this parachute could also be represented by an expression composed of 
two terms, and that it was equal to 1-936 times that of a plane of the same surface, that is to say, 
nearly double. 

It follows, from this, that it may be expressed by the formula 

B = 1-936 A sq. yd. [006638 lb. + 0-1295 V yd.] = 
A sq. yd. (0 - 1285 Ib.+O - 2507 V»), 
for units of yards of surface and velocity, at the ordinary density and temperature of the air. 

Case where the Parachute presents its Convexity to the Air. — In reversing the parachute, and causing 
it to descend with its convex surface downwards, a much less resistance was &imd, and equal *768 
of that of the plane surface with the same area. So that in this case the resistanoe is represented 
by the formula 

B = 0-768 A sq. yd. (0-06638 lb. + 01295 V«) = 
A(005091b.+00994V«). 

We see by this that the resistance of the same body varies in the ratio of 1-986 to 0*768, or 
from 2 *5 to 1, according as it presents to the air its concavity or convexity. 

Case where the Motion of the Parachute was Accelerated, — In this expression of resistance we also 

admit the necessity of introducing a term dependent upon the acceleration of motion j, and this 
expression for the parachute employed is 

B= A ^0-1290 lb. + 0-2513 V + 0-2394 -^ \ 

in units of yards for area and velocity. 

A comparison of the observed times of the fall vrith those deduced from this formula has shown 
that it represents the circumstances of motion with all desirable accuracy. 

Resistance to the Motion of Inclined Planes in Air. — These experiments were made by means 
analogous to those above described, by causing to descend two jointed planes, 1-0963 yd. long by 
0-5486 yd. wide, whose angles were varied, at intervals of 5°, from 5° up to 180°, where they form 
a single plane. The results regularly observed from 180° to 130° have shown that the resistance 
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decreased pioportioniilly with the angles, so that, oalling a the angle of one of the planes with the 
direction of motion, the resistance was ezprassed for uniform motion hy the formula 



a 



B = ^ A (0 • 06638 lb. + • 1295 V^, in units of yards. 

A comparison of the observed resLstance with those calculated by this formula show a satis- 
factory agreement. 

COXPABISOK BKTWEBN THE ObSXBTED ASD OaLOULATKD BeSISTANOES, VOB DiVFEBENTLT 

Inclined Planes. 



Angles formed 

bj Mch of the 

Planes with the 

DIrectloDof 

JCotlon. 



o 
90- 

87-5 

82-5 

80- 



Bi^rtencee In the retio to those 

of s Flsoe perpendicolar to the 

Direction of Motion. 



Obserred. 



10000 
0*996 
0-865 
0*856 



Calcalsted. 



1-000 
0*972 
0*917 
0*889 



Angles formed 

by esdiof the 

Planes with the 

Direction of 

Motion. 



o 
77*5 

70* 

67*5 

65* 



Reslstanoes In the ratio to those 

of a Plane perpendlcalar to the 

Direction of Motion. 



Obsnred. 



0*846 
0*773 
0*737 
0*728 



Oalcnlated. 



0*861 

0*779 
0*750 
0*722 



It should be remarked that these results relate to the case of two equal and jointed planes, 
moTed in. the air, with the edge of intersection in front, and are by no means applicable to the case 
of isolated planes. 

The law of the yariation of the resistance proportionally to the angles is also that which these 
experimental philosophers found for water, in operating upon cones of diJSerent acuteness. 

General Conciusiotu from the Experiments at Metz,—Iii conclusion, the reported experiments which 
have been made with chronometric mechanism, giving the times, to nearly some thousandths of 
seconds, and the velocities acquired at any instant nearly to a hundredth, in observing the law 
of descent in air of different sized plates, of two plates inclined towards each other, and that of a 
wheel with wings, for which the velocities have not exceeded from 29 to 33 feet a-seoond, have 
conducted us to the following conclusions : — 

Ist. In the uniform motion of a body in air, the resistance experienced is proportional to the 
extent of its surface, and to another factor composed of two terms, the one constant and the other 
proportional to the square of the velocity. 

As it was easily foreseen that the niunber of molecules of the air shocked by the displacement 
of the body must increase in the same ratio with its density, the general expression of the resistance 
should contain a factor relative to tMs density; so that calliag d the density of the air at the 
temperature and pressure observed, and d^ its density at 50° (Fah.) and at 76 centigrades (or 29*92 
inches) of barometric pressure, and preserving the preceding notations, this resistance is represented 
by the following formulie : 

Thin pUites perpendicular tothe direction of motion B = A ^ /o*0661b. +0199V | 

Parachutes 1^ = ^^ |oi291b. +0*251V>} 

Parachutes reversed ^ = ^rd; {o0511b. +0*994V» } 

Two jointed plates, inoUned towards each other .. B = A -j 9^|00661b. + 0*129 V» | 
The wings of a fen-wheel B = A^ 1 0*08002 lb. + 0*1545 V» J 

It may be observed that this hist formula accords in a satisfactory manner with the results of 
H. Thibault's experiments. 

2nd. In accelerated motion we must add to the preceding expression a term proportional to the 
acceleration of motion, and the resistance is then represented by the following formulas : 

d f V ) 

ThinphitesperpendiculartothedipectionofmotionB=A^|0*0661b. + 0*129V» + 0'276 -j | 

Parachutes B=A ^| 01281b. + 0*251 V» + 0*2394 j| 

With respect to the various modes of ascertaining the velocities of currents of air in mines, in 
order to determine the quantities circulating in a given time, we extract the following, on the 
nature and use of anemometers, from a paper by John J. Atkinson and John Daglish, published 
in the * Transactions of the North of England Institute of Mining Engineers :'— 

In the ventilation of mines, great advantages are well known to arise from dividing the air Into 
a series of currents or ^lits ; and its proper (Ustribution amongst these is an object of very great 
importance, because upon it depends, to a certain extent, not only the actual amount of the gross 
quantity that will be put into circulation, in a given time, by any ventilating power that may be 
employed, but also the relative degrees of safety and salubrity that will prevail in the different 
districts into which the mine is divided; 
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In order to effect this distribntion of the air in such a manner as to obtain the most efficient 
general ventilation, and, at the same time, to allot to each district or split its proper share or 
proportion of the whole, it is essential to have some satisfactory mode of ascertaining the Telocitiea 
of the currents, and the quantities of air circulating in each of the splits in the unit of time. 

The yarious methods that have been employed for this purpose may be divided into three 
groups. 

First — By travelling at the same velocity as the current, and noting the distance passed over 
in a unit of time. 

Second. — ^Determining from observation the rate at which small floating particles are carried 
along by the current, and assuming their velocities to be identical ¥rith that of the air-current 
itself. Smoke from exploded gunpowder, burning turpentine or amadou, small pieces of down, 
and small balloons filled with hydrq^en, have been all more or less employed for this purpose. 

Third. — By using anemometers, or apparatus of various forms ; and these may be divided into 
three classes: — (a) Anemometers having vanes or wands, made to revolve by the current of air 
impinging upon them, the rate at which they revolve being indicated by pointers on dials forming 
a part of the instrument — the pointers being made to revolve by means of wheels connecting them 
with the axis of the vanes or wands. The anemometers of Combes, Biram, Whewel, Osier, and 
Bobinson, are instances of this class of instruments now in use in this country, all of which require 
a correction for friction. (6) Instruments which are affected by the force or impulse of the wind, 
without being subjected to any continuous revolving motion, such as Dr. Lind's, Henaut's, 
Bougier's, and Dickinson's anemometers, (c) Anemometers of a more complex character, such as 
Leslie's. 

First Group. — Perhaps the primitire mode of ascertaining the velocity of currents of air in 
mines was that of choosing a part of the gallery forming the air-way having as uniform sectional 
dimensions as could be found, and after measuring on a distance of 100 to 150 yds. in length, 
taking a lighted candle and walking in the direction of the current, holding the flame in such a 
position as to be fully exposed to the influence of the current, but taldng care to walk at the par- 
ticular rate required, to cause the flame to bum in an upright position, without being deflected from 
the vertical, either by the current or by the progress of the person carrying it. The time required 
to traverse the distance measured off, being noted by a seconds* watch, enabled the average rate 
of walking to be determined ; and the average rate so found, from three or four trials, was assumed 
to be the velocity of the air-current ; and this, multiplied by the average sectional area of the part 
of the air-way selected for the experiment, was taken to represent the quantity of air passing in 
the unit of time. Formerly, when this mode of measuring the air in mines was in use, it would 
afford a close approximation to the truth ; but, with the ventilation now existing in many of our 
large mines, it would not be practicable to walk as quickly as the currents travel in the principal 
splits ; and running is not a sufiSciently steady pace. One of the objections to this, as well as to 
all other methods that require a considerable distance to be traversed, over which to observe the 
velocity, is the difficulty of obtaining a gallery of equal area throughout, over a sufficient distance ; 
but in cases where this is attainable, tiiis method admits of great accuracy for velocities up to 
400 feet per minute ; Atkinson and Daglish state that they have been able to obtain as accurate 
results by this method as by any other, as can be seen by referring to Table I. and Fig. 149. In 
Fig. 149, and in the other flgures employed for the like purpose, the bent or crooked lines are 
obtained by taking the actuai velocities of the air-currents (ascertained as hereafter described), 
and the revolutions of the anemometer, or other indicated velocities, as co-ordinates. If the 
indicated velocity were the same as the actual velocity, a line drawn through the points where 
they would intersect each other in the diagrams, would exactly coincide witn the simple straight 
diagonal ; but as the one exceeds the other, so the crooked lines drawn through tHeir points of 
intersection depart more or less from the diagonal. 

The close approximation of this line to the diagonal shows that great accuracy can be attained 
by walking with a lighted candle. It ought, however, to be mentioned that the place where the 
experiments were made was in all respects suitable, and specially adapted for the purpose, being 
perfectly level, and of an accurately imiform sectional area throughout the whole distance of 200 
feet. 

Second Group. — One of the principal of the second group of modes employed for the measure- 
ment of air consists in observing the velocity of the smoke from an exploded charge of gunpowder 
in a part of the gallery of nearly tmiform sectional area ; and this, until recently, was the means 
most generally adopted in the coal mines of this country for ascertaining the velocity of air- 
currents ; and although it has of late been largely superseded by the use of Benjamin Biram's 
anemometer, the practice is still in considerable use, and, so far as regards shaft velocities, remains 
the only method. It is, therefore, desirable to ascertain how far the results obtained by this and 
similar methods of measuring air-currents can be relied upon for accuracy, and to investigate the 
various sources of error connected with them, with a view of either avoiding or making proper 
allowances for their effects, so far as may be practicable. 

The sudden explosion of gunpowder in the confined passages of mines produces several efibcts, 
which tend to cause inaccuracies in the results obtained oy noting the paseage of the smoke as an 
index of the velocity of the current. 

Experiments prove (as indeed might have been anticipated, considering the small quantities 
of gunpowder used) that in general neither the increase of bulk due to the introduction into the 
current of the products of combustion, nor that due to the elevation of temperature, have any appreci- 
able effect on its velocity. But other experiments show that the force of the explosion, when a 
considerable quantity of gunpowder is used in a feeble current, gives an impulse to the current, 
and creates a velocity in excess of the normal one. A revolving anemometer was placed in an air- 
passage traversed by a feeble current, so regulated as to be just strong enough to produce thirty 
revolutions of the instrument a-minute. The explosion of a cubic inch of gunpowder at a distenoe 
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of 70 feet did not in any way affect the instniment ; but when the chaige of gunpowder was 
increafied to 20 cubic inches, the explosion caused a sudden and violent increase of its rate of 
revolving, acting as a temporary impulse, the revolutions very quickly decreasing to the original 
number again. The same effect is also clearly shown in the second series of experiments, page 77. 
The amoimt of enor arising from this source, and which tends to increase the apparent velocity, 
depends on the quantity of gunpowder used, the sectional area of the air-way, and the velocity of 
the current, — increasing with the quantity of gunpowder employed, but decreasing as the sectional 
area of the air-way and the velocity of the current are increased, so that the explosion of a large 
quantity of gunpowder in a feeble current of air passing over a short distance in a gallery of smail 
Bectional area will be attended with the greatest errors ; but as, under the ordinary conditions of 
the currents and air-ways of mines, 1 cubic inch of gunpowder does not give rise to any sensible error 
from the cause alluded to, and as it affords sufficient smoke to be readily observable at a distance 
of 200 feet, that quantity has been adopted as a standard, and used in the experiments made by 
Atkinson and DaglLsh. « 

It appears to be very desirable that a standard quantity of gunpowder should be employed in 
all cases, whether in the ordinary measurement of air or in conducting experiments, to enable com- 
parisons to be made, as any variation in this respect will give rise to discrepant results. 

If a charge of gunpowder be exploded in an air-current, and the velocity of its smoke be timed 
over a series of consecutive and equal distances in an uniform air-way, it will be found to be appa- 
rently most rapid near the point of ignition, and to decrease gradually as it flies to a greater 
distance from that point. This is a most serious source of error, and may be regarded as fatal to 
the accuracy of this method of determining the velocity of a current of air. 

The following experiments, selected from many others giving similar results, establish what 
has been just stated. 

The charge in each of these experiments was 1 cubic inch of gunpowder, which was exploded 
10 feet to the windward of the commencement of the first space, or interval of 25 feet, and the 
time was noted when the smoke reached the commencement and also the end of each of the two 
intervals of 25 feet, into which the total distance of 50 feet was divided. 

Equal Quantities of Gunfowdeb at Ddtebent YELOornEs. 
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In the above experiment it will be noticed that lq all cases the time occupied in passing over 
the second interval is greater than that occupied in passing over the first ; and it is further observ- 
able that this difference decreases as the velocity of the air increases. At the low velocity of 
83 feet per minute the times are 15" and 21", being a difference of 40 per cent, of the lesser time ; 
whilst at the higher velocity of 285 feet a-minute, the difference between 5" and 5^" only amounts 
to 10 per cent. 

The chan;e of gunpowder, in the two following series of experiments, was varied in quantity, 
and exploded 20 feet to the windward of the first interval ; the time being noted, as before, when 
the smoke reached the commencement and also the end of each of the two intervals of 50 feet. 

Different Quantities of Gunpowdeb and Equal VELOcmES. 
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It will be observed La these experiments i—lst. That in a slow current (75 feet a-minnte), with 
20 cubic inches of gunpowder, the time occupied bv the smoke in passing over the second interval 
of 50 feet was 60 per cent, more than it occupied in passing over the first interval of 50 feet, 
showing that the apparent velocity gradually decreasea. These experiments further show, that 
this gradual loss of velocity is greatest where the charge of powder employed is greatest. 2nd. 
That the apparent velocity, and, therefore, the apparent quantity of air, is more than doubled 
(being in the proportion of eighty-two to thirty-nine) ¥rith the low velocity, by using 20 oubio 
inches of gunpowder instead of 1 inch. 3rd. That these discrepancies are by far the greatest at low 
velocities, and are hardly apparent at high velocities, as will be seen by the sec(md series. 

The smoke resulting from the explosion of gunpowder is not of the same density as the air- 
cnnent. This has been observed by previous experimentists, and has been confirmed by Atkinson 
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and Daglish, by sabstituting turpentine smoke, which can be observed at a distance of 50 feet^ but 
which SsBipates, and cannot be accurately observed at 100 feet. 



Total 
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l«'iTst Interval Second Interval 
of 26 feet of 26 feet. 

17 + 21 = 

13i + 16J = 

7 + 9 = 

It will be noticed that, whilst gonpowder smoke required 88", 80", and 16" respectively to 
travel a distance of 50 feet, in a current having the same velocity, turpentine smoke required only 
25", 22", and 16". But it may be observed that experiments made with turpentine smoke are very 
unsatisfactory. The turpentine cannot, like gunpowder, be ignited in a large quantity simultane- 
ously, but resembles more the ignition of a ^in of g^unpowder ; added to thu, the resulting smoke 
is very difficult to discern, and is soon dissi^ted. 

Experimentists who have written on this subject have also noticed another source of error in 
all currents, especially in the more feeble, in the eddies and streams of varying velocity which 
almost always exist ; and when any small particles or light bodies are introduced into the currents, 
a part of them get into the axis of greatest velocity, and give a result higher than the average ; 
other portions fly too slow ; and even on the average of the first and last particles traversing the 
distance, the results are too low. 

Similar remarks are applicable to the use of smoke ; at least Mens. Jochams (* Annals des 
Travaux Publics de Belgique,' vol. ix.) came to these conclusions on comparing the results of his 
experiments by these modes with the corresponding and simultaneous observations made with 
Combes' anemometer. The results of his experiments, indicating the distances traversed per 
second by the difierent agents, are given in the following tabulated form : — 
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In reference to the down especially, if it got out of the axis of the air-way where the most rapid 
current prevailed, it adhered to the damp walls of the gallery, and was, consequently, greatly 
retarded. 

The various sources of error connected with the use of gunpowder smoke are given in the 
following tabular form : — 

Causes of Ebbob |n ]B)xfebimentino on the Yelooitt of Aib-Cubbents in Mines, 

BT UEANS OF GUNPOWDEB SmOKB. 



Oause» 

1. — ^The expansion of the whole 
column of air, oy the addition to it 
of the results of the combustion of 
gunpowder, and by the heat de- 
veloped (of alight mafjnitude). 

2. — The explosive force of g^un- 
powder (of considerable magnitude). 

3. — Diffusion or depositioa of the 
smoke. 

4. — Eddies and currents. 

5. — The depsity of the smoke. 



Effect, 

II. — The conversion of asmall por- 
tion of solid gunpowder into gas. 
2. — The further expansion of 
this, owing to the high tempera- 
ture of ignition. 
1 Tending to increase the apparent velocity, and can be 
J avoided with care. 

1 Tending to decrease very considerably the apparent ve- 
j locity. 

Giving rise to serious irregularities, materially affecting 
the accuracy of the results. 



} 



Precautions to he used in Experimenting with Gunpowder Smoke, — By the use of fixed quantities 
and distances, and the avoidance of extreme velocities, an approximation to accuracy in the measure- 
ment of air-currents by gunpowder smoke may be attained ; and the mmierous experiments made 
by Atkinson and Daglish suggest the following precautions as being necessary: — 

Ist. Always to use 1 cubic inch of gimpowder as a standard. 

2nd. The velocity of the current never to be less than 100 feet a-minute, nor to exceed 500 feet 
a-minute. In order to attain this, a gallery of such area must be selected as will afford this 
velocity of current. 

Srd. The titne not to be less than twelve seconds, nor to exceed thirty seconds. 

4th. To explode the gunpowder 10 feet to the windward of the first mark. 

Therefore, in slow currents of from 100 to 250 feet per minute velocity, the distance to be taken 
over which the smoke passes will be 50 feet ; and for the Mgher velocities of from 250 to 500 feet, 
^e distfince will be i^crea^ to 100 feet. 
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The followlii^ Table of Experiments, made by timing gunpowder smoke, by walking so as to 
keep the flame ol an exposed light in a yertical position, and by the use of a Biram's anemometer 
respectively, is given with a view of showing the comparative degrees of accuracy of these diffezent 
modes of measuring currents of air ; and the results are graphic^y exhibited in Fig. 149. 

TaBLB L — ^EXFESnOENTS MADE WITH GXTNFOWDEB SmOKE, WaLKINO, AND AN AnEHOMETEB 

(Biram's 6-ingh) in the same Current of Ant. 
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Explanation of Table I. and Fig. 149.— A B column. In those experiments the time during 
which the powder smoke travelled a distance of 50 feet was observed, and from it the velocity per 
minute calculated ; thus, in the first experiment the time so occupied was 24", indicating a velocity 
of 125 feet per minute ; this is the ordinary mode of finding the velocity of air by powder smoke. 




It will be observed that, owing to the distance travelled over by the smoke being short, the 
velocities of the smoke are in excess of the true velocities of the air. 

In column G D, the distance over which the time of the powder smoke is noted is 200 feet 
instead of 50 feet ; and it will be observed that the apparent velocities here are less than the true 
ones, excepting in the two first experiments, where the contrary result is due probably to the 
explosive force of the gunpowder in a feeble current. 

Ck)lumn E F. — Experiments made by using " equal times " instead of '^ equal distances," and 
varying the distance, so that in each experiment the time of observation was as nearly as possible 
the same. 

Column G H. — Experiments made by walking 200 feet with a lighted candle, and noting 
the time, and calculating velocity per minute therefrom. 

Anemometer columns give the velocity as recorded on the dial of a Biram's anemometer. These 
readings require correction by the formula, for this instrument nearly, Y = * 97 B -f 40, 
where V =r the velocity of the air-current in feet a-minute ; 

and R = the revolutions of the anemometer, as shown by the index on its dial, in the 
same time. 

These experiments were conducted with the greatest care, in a gallery of a mine specially 
adapted for the purpose, by being made perfectly level, and of uniform sectional area ; during the 
experiments the velocity was kept as constant as practicable throughout, by keeping the water- 
gauge of that part of the mine at a uniform height. The observations were taken with a large 
seconds' watch, specially adapted to this purpose, and all experiments were repeated until a correct 
average could be obtained ; out even under these circumstances, which in general will not prevail 
for ordinary measurements in mines, great discrepancies are observable between the results obtained 
by timing smoke over equal distances, and those obtained either by timing smoke during equal 
tunes, or over equal disteinces of different lengths. Doubtless such an empirical rule could be 
found for so regulating the distance to be traversed, the amount of powder to be exploded, and the 
duration of the experiments, as that ¥rith great care nearly accurate results could be obtained ; still 
the difSculty of obtaining galleries fully adapted for the purpose, by their uniformity of sectional 
area, &c., and the numerous chances of error in observation are so great, that it is most desirable 
that there should be some more ready and accurate mode of ascertaining the velocities of currents 
of air ; anemometers of various constructions have of late been more or less employed for the 
purpose, and it is therefore important to ascertain how far the indications of such instruments can 
be relied upon for accuracy. 
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Sevolving Anemometers, — The Bnemometer most generaUy used in the coal mines of England is 
that inyented by Benjamin Biram, shown in Figs. 150, 151, 152. It oonsists of a series of Yanes, 




D, E, Fig. 152, which revolye with the action of the air-current— the number of reTolutions, or 
rather numbers proportional to the reyolutions, being registered by pointers, P, on the face of a dial 
forming a part of the instrument itself. It 
is made of three sizes, 4, 6, and 12 inches ; is 
very portable ; and is not, with proper care, 
liable to get out of order, especially the 
smaller size. A certain force of current is 
required to overcome the friction, and put 
the instrument into motion. The plate spur- 
wheel G, Fig. 150, as it moves in a horizontal 
plane, relieves the step B, Fig. 150, from 
undue pressure, and thus tends to lessen the 
amount of friction. Some of these instru- 
ments will continue to revolve in a current 
as low as 30 feet a-minute ; but with most of 
them a velocity of about 50 feet is required. 
Every one who has occasion to use this 
anemometer should be aware that it does 
not register the actual velocity of the air, 
especially in feeble air-currents, nor yet the 
number of revolutions of the wands, but only 
a number proportional to the latter; ^d 
although it is of great value, as indicating 
an increase or decrease in the velocity from 
time to time, such as the periodical variations 
in any particular current, it is of compara- 
tively little value, as generally used^ for ascer- 
taining real velocities, such, for instance, as 
occur in changing or splitting air-currents, 
when it is of great importance to know the 
actual quantities. To obtain with this instrument accurate results, available for all purposes, it is 
necessary, as with Combes' anemometer, to apply a formula to its recorded revolutions, w rather to 
the number indicated by the index, in order to ascertain the actual velocity of any current ; each 
particular instrument requiring special experiments to be made with it, in order to determine the 
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▼alue of the constants required to be employed in the formiila. These constants remain the same 
for the same instrument, so long as it remains in the same condition, and are independent of the 
velocities of the currents of air in which it is employed. However, it is necessary to state that 
these adjustments are carefully made by the principal manufacturer, John Davis, optician, Derby, 
who is a man of considerable mechanical skill. 

In anemometers made like that 8ho¥m in Fig. 152, the mechanism, dial, and pointers are placed 
in the centre. The arrangement does not essentially differ from that shown in Figs. 150, 151. 
X T is the cylindrical case in which the fan-wheel revolves, supported by the upright bars G, S ; 
H, handle by which the instrument is held. 

In Figs. 150, 151, part of the mechanism is contained in a small box, Z, over the fan-wheel, 
which is thus allowed more play. A, F, are small, delicate axles, upon which are cut endless screws, 
A, F, which drive small wheels, C, D. 

The registering appa'ratus is in front of the wheel, and consists of six small circles, marked 
respectively X, G, M, X M, G M, and M, the divisions on which denote units of the denominations 
of the respective circles ; in other words, the X index in one revolution passes over its ten divisions, 
and registers (10 x 10), or 100 feet ; the G index, in the same way, 1000 feet ; and so on up to 
10 million feet ; so that an observer has only to record the position of the several indices, at the 
first observation (by writing the lowest of the two figures on the respective circles between which 
the index points, in their proper order), and deduct the amount from their position at the second 
observation, to ascertain the velocity of the air which has passed during the interval. This, 
multiplied by the area in feet of the passage where the instrument is placed, will show the number 
of cubic feet which has passed during the same period. 

To ascertain the rate at which air is moving, proceed thus :— suppose 100 revolutions = 200 feet 
per minute. 

88] 200 [2*27 nules an hour. 

To obtain the constants of this formula, as applicable to any particular instrument, it is 
absolutely necessary, in making the experiments, to Imow correctly the true velocity, as a standard 
of comparison. As before explained, none of the ordinary modes employed for ascertaining the 
real velocities are reliable ; Atkinson and Daglish, therefore, had a Whirling Machine constructed, 
the wand of which, in revolving, described a circle of 25 feet in circumference ; the number of its 
revolutions being indicated by a pointer on a dial. 

In the first instance, this Whirling Machine was turned by the hand, but as this did not give a 
sufficiently uniform velocity, a small drum, and a rope with a descending weight attached to it, 
was employed, to give motion to the machine ; and worked thus it gave extremely accurate results ; 
so far, at least, as regards the uniformity of its own velocity. By fixing the anemometer on the 
end of the wand, the velocity with which it passes through the air can be ascertained and com- 
paired with the revolutions of the anemometer, as indicated on its diaL Fig. 153 represents this 
machine. 

153, 




It has been stated by some writers that there is a difference between the force or impulse of air 
moving npon a body at rest, and the resistance which a body moving through a still atmosphere 
meets with in its passage, supposing the velocity to be the same in each case ; and besides this, the 
effect of a body moving in a circle, in a still atmosphere, may not be the same as when moving in 
a straight line. The experiments of Hutton and others appear, however, to indicate that the force 
of impact of a wind against a stationary body is always proportional to the resistance which a solid, 
moved through a still atmosphere, meets with at the same velocity. 
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Comparison of Oovemors. — The following experiments were made with the Whirling Machine^ 
and the results are given both in a diagram, Fig. 154, and in a tabulated form, Table U. 



164. 




Scale 40 feet •rminnte, halt an inch. 

In this diagram the different bent or crooked lines are drawn through the points found by 
taking the actual velocities of the anemometer through a still atmosphere, and the numbers 
indicated by the pointers of the anemometer as being passed over in the unit of time, as the 
co-ordinates of a line or curve in each series of experiments made at different velocities under 
the same conditions, and with the same anemometer. A sufficient number of the ooK>rdinates are 
transferred from Table II. to Fig. 154, to connect the Table with the Figure. 

The anemometers at the commencement of the experiments were made to revolve bj the 
Whirling Machine in a circle only 10 feet in circumference ; but as the rate of revolution appeared 
to be somewhat irregular, a flat board, intended to regulate the motion and render it uniform, was 
fixed at the end of the revolving wand opposite to that at which the anemometer was fixed ; and 
the experiments shown by the lines A B, C D, were made, the former with the regulating-board 
projecting downwards, and the latter with it projecting upwards, from the revolving wand. 

The discrepancies between these lines are so slight, that the mere position of the regulating-board 
does not appear to have any sensible effect ; the changes in the state of lubrication of the anemo- 
meter, and errors of observation, being sufficient to account for the slight differences that exist. 

The line E F, in the same diagram, exhibits the results of certain experiments made with the 
same anemometer in the same sized circle, but without any fiat board or governor on the wand ; 
and as these experiments give results differing considerably from the two lines obtained with the 
governor on the wand, we infer that the governor really produces some effect. 

^ As, however, all the three lines are sensibly straight, the inference is that the effect does not 
arise from any greater uniformity in the rate of motion with, than exists without, the board; 
because so long as the lines are straight, it follows that an average speed, however irregular, 
would, on the whole, give the same general results as a uniform speed equal to such average ; 
and hence we infer that the governor only produces an effect that is disadvantageous, arising 
probably from disturbing the stillness of the atmosphere in which the experiments are conducted. 
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On these consideratioiiB we are led to reject the experiments made with the governors, and, so far, 
adopt those shown by the line E F, in which no governor was used. 

This view was partly confirmed on using a longer wand, and causing the anemometers to revolve 
in a circle 25 feet in circumference, in lieu of one of only 10 feet in circumference ; as, under these 
circumstances, the irregularity of the rate of revolution is much less apparent. 

The results of the experiments give a straight line in the diagram, and lead to a formula of the 
form of V = m B + a, the same as arrived at by M. Combes, where Y = velocity of air ; B = 
revolutions of anemometer, or rather the numbers indicated bv its index, in the unit of time ; and 
m and a, constants, suited to the friction of the anemometer, tne form of the vanes, and the density 
of the air. 



Tablb n. — ^Experiments kadb with a 6-inch Bibam's Anemometeb to ascertain the effect 

OF FLACINa A BOARD ON THE END OF THE WaND OF THE WhIBLINO MaCHINE, TO ACT AS A 
GOTEBNOB, XHE GiRCLE DESCRIBED BY THE WaND BEINQ 25 FEET IN CIRCUMFERENCE. 
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8 


126 


164 


• • 


a a 




97 


131 


130 








107 


142 


• • 








9 


142 


175 


• • 


• a 




98 


131 


a a 








107 


142 


• • 








10 


149 


183 


9 m 


a . 




98 


133 


a a 








107 


142 


• • 








11 


173 


205 


208 


3 




127 


156 


a • 








108 


142 


142 








12 


175 


207 


• • 


a « 




128 


156 


a . 








150 


180 


• • 








13 


214 


250 


m • 


a a 




131 


158 


160 




I 




152 


181 


• • 








14 


223 


258 


• • 


a a 




132 


158 


• • 








153 


183 


• • 








15 


233 


267 


• • 


• • 




137 


168 


• • 








153 


183 


• • 








16 


242 


272 


• • 


• a 




137 


168 


167 








195 


225 


• • 








17 


270 


300 


« • 


• a 




137 


168 


• 9 








196 


223 


• a 








18 


293 


325 


• • 


a a 




140 


171 


• • 








198 


225 


• • 








19 


302 


333 


333 


a a 




140 


171 


• • 








198 


225 


225 








20 


■ • 




• . 


a a 




141 


172 


• • 








199 


225 


• • 








21 


• • 




• • 


a a 




158 


183 


• • 








223 


248 


« • 








22 


• • 




• • 


■ •• 




208 


233 


• • 








223 


248 


• • 








23 


•• 




• • 


a . 




210 


233 


• • 








252 


267 


• • 








24 


« • 




• • 


a a 




211 


235 


• • 








253 


273 


• • 








25 


■ • 




• • 


a a 




211 


235 


• • 








256 


273 


275 


2 






26 


• • 




• • 


a a 




236 


260 


• • 












a a 








27 


• . 




. • 


a • 




237 


^58 


• • 












■ a 








28 


• • 




• • 


a a 




238 


260 


• • 












a a 








29 


• • 




• • 


a . 




238 


260 


• t 












a a 








SO 


• a 




• ■ 


• a 




239 


260 


• • 












• a 








31 


• • 




• * 


a a 




240 


260 


• • 




a 








a a 








32 


a • 




• • 


a a 




242 


264 


• • 












a a 








38 


• • 




• . 


a • 




249 


267 


• • 












a a 








34 


• • 




* • 


a a 




250 


269 


• • 












a a 








35 


■ ■ 




■ • 


a • 




252 


271 


• • 












a • 








36 


• • 




• ■ 


a a 




256 


275 


• • 












a a 








37 


• • 




• . 


a a 




270 


287 


• • 












a • 








38 


• « 




• • 


a a 




313 


333 


• • 












»a 


• • 






39 


• ■ 


•• 


• • 


a a 




317 


333 


• • 












• • 








40 


• ■ 




• t 


a a 




317 


329 


• • 












• a 








41 


• • 




• • 


a a 




819 


333 


• • 












• a 








42 


• • 




• • 


• a 




320 


333 


• • 












a* 








43 


• • 




• • 


a a 




345 


358 


• • 












a a 








44 


• • 




• ■ 


»• 




355 


367 


• • 












a a 








45 


•• 


• • 


• • 


* a 




355 


367 


367 












a a 
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The experimenis represented by the line £ F in the diagram are fairly represented by the 
formula V = 9685 B + 40-5. 

The rejected line A B, in this diagram represents experiments made with an anemometer 
revolving in a horizontal circle 25 feet in circumference, through a still atmosphere, with a governor- 
board 2 f^t in area fixed upwards, at the contrary end of the wand to that on which the anemo- 
meter was fixed, and give nse to a similar formula^ namely, V = *91d7 B + 40*5. 

While the rejected line C D, represents experiments made under similar conditions with the 
same anemometer, excepting that the governor in this case was turned downward, and give Y = '9 R 
+ 45*3 ; So that, on the whole, the use of the governor appears to increase the numben indicated 
by the index of the anemometer, excepting, perhaps, at very low velocities. 




4-li)ch BInin, 
y=:-9678 B+-41-63. 

The experiments from which this diagram was constructed are as follows : — 

Table IV. — Expebimekts made with the three sizes of Bibaii*s Anemometers to ascebtaik 
THE Constants m and a in the FORMrLA V = m B + a for each Instrument, the true 
Velocities being ascertained bt passing the ANEMOifETERs through a still Atmosphsbb 

at KNOWN YeLOCITIES BY THE WhIRLINO MACHINE, IN A CiRCLE OF 25 FEET IN CIROUMFERENCB. 





LiXB A B» i-ur. AnaiOMSTKB* 


Lots CD. 6 
(name tm 


•IK. ANmuMETIB 

£ F, Fig. 164). 


Lnrx E F. 12-iK. AKmomm 
(auno aa CD. 156, and A B, 168). 




Velocitt. 


Ekbob. 


Velocitt. 

• 


Ebbos. 


Yblocitt. 


Ehbob. 


^ 
5 








More. 


Lev. 




1" 




More. 


Lev. 


11 


if 

1" 
4$ 




More. 


Leta. 


^ 


^ 




> 






y. 




> 






Sz; 




> 






1 


107 


150 


150 




• 9 






• • 


19 


79 


78 


1 


2 


110 


156 


• • 




















46 


96 


• • 






8 


132 


175 


• • 




















55 


102 


• • 






4 


132 


173 


• • 




















67 


108 


« • 






5 


142 


183 


• • 














• • 






93 


137 


• • 






6 


152 


192 


193 


1 












• • 






117 


158 


• • 






7 


167 


206 


• • 




















119 


158 


• • 






8 


173 


212 


• • 




















151 


183 


• • 






9 


180 


217 


• • 
















• 




186 


208 


• • 






10 


200 


234 


• • 




















185 


208 


• • 






11 


203 


242 


• • 




















215 


236 


• • 






12 


205 


242 


244 


2 


















257 


276 


• • 






13 


209 


247 


• • 




















267 


283 


. • 






14 


249 


281 


• • 




















268 


283 


• ■ 






15 


250 


283 


■ • 




















288 


300 


• < 






16 


210 


247 


• ■ 




















305 


317 


318 


1 




17 


275 


306 


• • 




















313 


325 


• • 






18 


273 


306 


• ■ 




















313 


325 


• m 






19 


287 


317 


• • 




















827 


342 


m » 






20 


286 


321 


• • 




















833 


350 


• • 






21 


337 


871 


• • 




















845 


358 


• • 






22 


368 


400 


401 


1 


















378 


392 


892 






23 


• • 


■ • 


• t 


• • 


















882 


392 


• • 







Comparison of Anemonwters.^-'Fig. 155 exhibits graphically the results of experiments made with 
three Biram's anemometers of the different sizes, on the Whirling Machine, in a circle of 25 feet in 
circumference, without any governor. We observe that, for the 4-inch and 6-inch anemometers, the 
lines are sensibly straight, and the formula conseouently simple, and of the form previously indi- 
cated. With the 12-inch anemometer, however, tne line is curved, and the formula complicated, 
and troublesome in consequence ; and, although the friction of this large anemometer is somewhat 
f;reater than that of the smaller ones, the difference in this respect is trifling ; even the laige 
iiurtrument would apparently be kept in motion bv a velocity of 64 feet per minute, or little more 
than 1 foot per second ; and as friction must be allowed for in all cases, its amount is of no great 
importance, within moderate limits. It is not very easy to account for the curvature of the line 
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giyen by the Iftige instroment, when not observed in the smaller ones ; it ma j, howeyer. arise from 
one of two causes, or possibly pcurtly from both. The large instrument is moved sensibly quicker 
in the circle of revolution at its outer than at its inner extremity, while this difference of velocity 
in the two sides of the anemometer is less palpable in the smaller ones ; and this difference may 
tend to cause all the instruments to depart from the straight line, but, from being less in amount 
with small instruments, may not be observable within the velocities attained in the experiments : 
or, apart from this cause, all such anemometers may give curved lines when plotted in this way, but 
perhaps quicker curves in large than small instruments ; considerations as to strength, portability, 
comparative freedom from liability to derangement, and original cost, all appear to be favourable 
to the use of the 6-inch or 4-inch Jairam anemometer, in preference to the IS^inch ones. 

The constant multiplier, m, in these formulsB — which depends to some extent, for its amount, 
upon the spur-gear, and the arbitrary marks and numbers on the dial — ia greatest on the 6-inch, and 
least in the 12-inch anemometor ; while in the smallest, or 4-inch, it is intormediato ; proving that 
it does not necessarily follow the size of the instrumenl^ but reaUy depends partly upon the condi- 
tions just mentioned. 

156. 



la iwew mnuHmtwuiit)vmtj^ 





y=z9» R+ -000477 R> +63-16 



Seookd Set or Exfebthents, made with a Bibax*b 12-inch Anemometer, with Whiblino 
Machine, 25-feet Cibole, Fia. 156, made to oobboborate Experiments, Fio. 155. 







AB (New 


Skbibb). 


C D. 




Veuwitt. 


Ebbor. 


Vklocttv. 


Ebbor. 


Ko.of 
Experi- 


Number 
Indicated by 


Actnal 


Velocity cal- 
culated by 
formula V = 

•8766 R 4- 

•0001428 B9 

+ 3665. 






Number 
indicated by 


Actual 


Velocity cal- 
culated by 

fAnmnlft V ^ 






ment 


Index of 

Anemometer 

= R. 


Velocity 
= V. 


More. 


Less. 


Index of 
Anemometer 


Velocity 
= V. 


AUIUlUItt T ^— 

•69R-I- 

•000477 R? 

+ 6316. 


More. 


Less. 


1 


64 


96 


• • 




• • 


19 


79 


78 




1 


2 


77 


104 


• ■ 








46 


96 


• • 






3 


88 


114 


114 








55 


102 


• • 






4 


93 


118 


•• 








67 


108 


• • 






5 


94 


121 


■ • 








93 


137 


• • 






6 


95 


123 


■ • 








117 


158 


• • 






7 


110 


133 


• • 








119 


158 


• • 






8 


134 


156 


• • 








151 


183 


• • 






9 


136 


158 


• • 








186 


208 


• • 






10 


143 


167 


• • 








185 


208 


• • 






11 


143 


167 


• • 








215 


236 


• • 






12 


150 


167 


170 








257 


276 


• • 






13 


161 


185 


• • 








267 


283 


• • 






14 


170 


192 


• • 


,. 






268 


283 


• • 






15 


173 


192 


• • 








288 


300 


• • 






16 


175 


192 


■ • 








305 


317 


818 






17 


216 


233 


• • 








313 


325 


• 9 






18 


227 


242 


• • 








313 


325 


• • 






19 


244 


258 


• « 








327 


342 


• • 






20 


262 


275 


• • 


• • 






333 


350 


• • 






21 


269 


283 


• • 








345 


358 


• • 






22 


272 


283 


• 








378 


392 


392 






23 


293 


308 


• 9 








382 . 


392 


• • 






24 


295 


308 


m m 












• • 






25 




358 


• • 












• • 






26 


357 


367 


• • 












• ■ 






27 


399 


408 


• • 












• • 






28 


403 


417 


• • 












9 9 






29 


405 


417 


• • 












• 9 


. . 




30 


410 


417 


417 












9 9 






31 


424 


433 


• • 












9 9 






32 


448 


458 


• • 












m 9 






33 


224 


250 


■ • 












■ » 






34 


346 


358 


• 9 












• • 




• * 


35 


362 


875 


m m 












• • 


• • • • 



Compari9on of Anemometers, — Fig. 156. In consequence of the sensible difference in the formula 
required for the 12-inch, and for the 6-inch and 4-inch anemometers, as exhibited in Fig. 155, 
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another set of experiments were made to prove whether this was owing to the constmetion of the 
larger instrument, or to some error in observation in the previous experiments. The results are 
given in Pig. 156. 

In this diagram two sets of experiments, made with the same 12-inch anemometer, at different 
times, by the Whirling Machine, with a circle 25 feet in diameter, are compared with each other. 

Tne line G D is the same as the line E F of Fig. 155, and is a curve, as has been already stated ; 
the line A B id also a curve, but approaches rather more nearly to a straight line, the friction 
being at the same time much smaller than in the same instrument tried in the experiments shown 
by Fig. 155 ; so that the friction does not appear to depend so much upon the size as upon the 
condition of the instrument. This result agrees with those obtained in other experiments with the 
4-inch anemometer (page 78), which latter clearly prove that the friction does not vary much if the 
instrument itself remains unaltered; but from tne construction of the larger instruments, and 
from the nature of the material of which their vanes are formed, they are extremely liable to 
become disarranged, and altered in form ; in fact, it is most difficult to avoid putting tnem out of 
form when using them, and it is extremely probable that the alteration in the additive constant ia 
due to this cause. 

This view is corroborated by Fig. 162, in which it will be observed that the constant for one of 
the 4-inch anemometers is altered in consequence of its falling off the wand and becoming deranged, 
although no alteration in the instrument was observable from the accident. Fig. 163 also eluci- 
dates this. 

Both the lines deduced from the experiments made with the 12-inoh or large anemometers are, 
it will be seen, curves, and require complicated formulas ; while it is somewhat doubtful as to 
whether the departure from a straight line is due to the circular motion caused by the revolving 
wand of the Whirling Machine, or is inherent in the nature of the instruments themsielves, in which 
latter case only would it arise on employing the instrument for measuring currents of air in the 
ordinary way. 

16Y. 




Boud down on wand, 2&*feet drdOi V = 
9B.f46'3. 

Experiments h^de with a 6-inch Biram*s Anemometer to ascertain the effect of revolving 
in ciroles of diffbrent diameters, with a governor or board fixed downward on the 
Wand of the Whirling Machine, Fig. 157. 





LlXE C D, 25-FKR ClBCU. (C D. 154.) 




TiiiffB A B. 


10-yRET ClBCLS. 
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Expert- 


Number 
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Index of 

Anemometer 

=B. 


Actual 

Yelocittefl 

= V. 


Velocity 
calculated by 
formula Y = 
*9R-|>4A-3. 
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Number 
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Index of 

Anemometer 

= IL 
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Velodaea 
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Velodtv 
caleulatedby 
formuU V = 

•t676R + 
36-3. 


Ebbok. 


ment. 


More. 


Leia. 


More. 


Leas. 


1 


56 


99 


• • 






25 


69 


. • 






2 


65 


104 


104 






26 


70 


. • 






3 


75 


106 


• • 






27 


68 


66 






4 


71 


108 


• • 






53 


86 


• • 






5 


72 


112 


• • 






54 


88 


• • 






6 


72 


113 


m 9 






67 


97 


• • 






7 


107 


142 


142 






68 


95 


• t 






8 


107 


142 


• • 






75 


102 


• • 






9 


107 


142 


• • 






. 89 


115 


• • 






10 


108 


142 


• • 






87 


112 


112 






11 


150 


180 


• • 






98 


122 


• • 






12 


152 


181 


• • 






99 


120 


• • 






13 


153 


183 


t 9 






103 


121 


• • 






14 


153 


183 


• • 






103 


122 


« • 






15 


195 


225 


• • 






107 


129 


• • 






16 


196 


223 


■ • 






113 


130 


131 






17 


198 


225 


224 




1 


115 


132 


• • 






18 


198 


225 


• • 






128 


145 


* t 






19 


199 


225 


• • 






128 


145 


• • 






20 


223 


248 


• • 






139 


152 


• • 






21 


223 


248 


• • 






141 


155 


154 






22 


252 


267 


268 


1 




* • 


a • 


• ■ 






23 


253 


273 


• • 






• • 


• • 


• • 






24 


256 


273 


• • 






• • 


• • 


• • 







Comparison of Circles. — Fig. 157 shows the effect of causing an anemometer to revolve in a 10-feet 
as compared with a 25-feet circle, on the Whirling Machine, with a governor fixed downwards in 
both oases ; the line D is the same as the line G D in Fig. 154, and is for the 25-feet circle. Oa 
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T the circle at 10 feet, the constant additiye for friction remains unaltered, bnt the instmmont 
(Ave^ quicker than in the larger circle for equal yelocities, 00 that the constant multiplier 

meter was the same 6-inoh Biram in each case. 
>/ Circles, Fig. 158, to corroborate Experiments, Fig, 157.— This series of experiments, 
< '>i Fig. 157, give a comparison of the effect of causing anemometers to revolve in circles 




of different sizes, with a 12<-inch in lien of a 6-inch anemometer, and without goyemors. Here, 
again, the instrument revolves quicker, for a given velocity through the air, in a 10-feet than in a 
25-feet circle, showing that the result is not accidental, but has a cause, depending for its amount 
upon the size of the circle ; and this fact renders it probable, that if the circles were indefinitely 
Itfge, or, what is equivalent, if the anemometers were moved in a straight line through a still 
atmosphere, the numbers indicated by the index of the instrument would be somewhat leas than 



EXFEBDCSNTS, FlO. 158, MADE WITH A 12-INCH 
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46 


96 
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8 


64 
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55 
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4 


69 
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• • 


67 
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• • 


• • 


• a 


5 


72 
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• • 


93 
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• • 


• • 


• ■ 


6 


73 


109 






• • 


117 


158 


• • 


• • 


a a 


7 


83 


113 






.. 


119 


158 


• • 


• • 


a a 


8 


86 


117 






• • 


151 


183 


■ • 


• a 


a • 


9 


93 


116 






• • 


186 


208 


• • 


• • 


• • 


10 


97 


126 






« • 
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• • 


■ • 


a • 


11 


132 
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a a 


12 
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• • 
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a a 


13 


151 
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• • 


267 
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m • 


• • 


• a 


14 


152 
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268 
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• • 


• • 
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15 
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• • 


288 


300 


• • 


• 9 


• a 


16 
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305 


317 
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1 


• a 


17 


234 


245 






• • 


313 


325 


9 • 


• • 


a a 


18 


235 


245 






• • 


313 


325 


• • 


• • 


a a 


19 


265 


275 






• • 


327 


342 


• • 


* a 


• ■ 


20 


270 
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• • 


333 


350 


• • 


■ • 


a ■ 


21 
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320 






• • 


345 
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■ ■ 


a • 
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• • 


378 
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• • 
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Comparison of Anemometers, — Lines formed by Experiments made tnth Combet^ Anemometer, Fig, 159. 
—In the various experiments that have been made with these instruments on the Continent, it has 
been found that the excess of the actual wind velocities, over the particular wind velocities which 
are required to overcome their fractional resistance, is simply proportional to the number of revolu- 
tions performed by them in the unit of time ; or, what is we same, to the numbers indicated by the 
point^ giving rise to an expression of the form of Y = m B + a, by means of which the velocity 
of the wind Y can be found when we know the number of revolutions, B, of the instrument in the 
unit of time, a and m being constants for the same instrument, whatever be the velocity Y, or revo- 
lutions B. 

The above expression is the equation to a straight line. The constants a and m can be deter- 
mined for any instrument by means of two experimental trials of the number of revolutions 
corresponding to different ascertained wind velocities; thus, if Y and B are the velocity and 
corresponding number of revolutions or indications given by the pointers in the unit of time in one 
of such trials, and Y' and B' the same respectively on the other trial, then \ = mR + a^ and Y' 

^,^^ ^ V-Y' ^ Y'B-YB' 

= m B + fl, Ban whence m = 'rT'b^ ■**" ^ = 
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The irre^aritiefl in the line made by this instrument are, doubtless, caused by errors in obser- 
vation, and derangement of the pointers, as it is much more difScult to read off than Biram'a 
instrument, under the peculiar circumstances of revolving on a wand in a circle ; but these irregu- 
larities would probably not exist when using the instrument in the ordinary way for measuring a 
current of air. The line for the Biram's anemometer is more uniform, because it can be read off 
with more ease and aoomraoy in this land of experiment. 

Tablb of Experiments with Combes Aim Bobikbon's Anbmombtbbs, oompabed with Biram's 

Anemometeb, on Whiblino Maohinb, 25-feet Gibole, Fig. 159. 
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Moving Anemometers in a Straight Line through a Still Atmosphere, Fig. 160. — This figure exhibits 
the results of different sets of experiments made with a 6-inch and 4-inch Biram's anemometer, by 
a person walking in the still atmosphere of a large granaiy, and carrying the instrument in his 
hand ; and another set (for the purpose of comparison with tnose made as s^ve) by the Whirling 
Machine, in a 25-feet circle, without governors on the rcYolving-wand. The results obtained in 
these experiments appear to be both remarkable and important, inasmuch as they indicate that 
the formulas deduced from the walking experiments do not agree, even within moderate limits, with 
those obtained by the use of the Whirling Machine ; and it becomes a question as to whether the 
results of either mode are reliable, and if either, as to which mode is so. 

All the lines in this diagram are more or less curved. The line E, E, relating to the revolving 
experiments is, however, less curved than the other lines relating to the experiments made by 
walking in a straight line, and carrying the instrument through a still atmosphere. The line E, £, 
indeed, may be regarded as being nearly straight. Of the more recent experiments, the line D, D, 
may be taken as approaching the straight line ; also the line C, G, up to a, where it rapidly falls 
off. This is probaUy owing to errors at the high velocities. 

The line A, A, obtained oy walking in a straight line, is much more curved than the line, E, E, 
of the 25-feet circle, — the multiplier, m, of the numbers indicated by the index of the anemometer 
being much smaller, and the multipUer of the square of the numbers indicated by the index of the 
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aaemomeler being Tery mneh laiger in the experiments made by walking in a straight line than in 
the TOTolying experiments. It appears to be anomalous that the lines relating to experiments in a 
10-feet circle should be more oarved than those relating to experiments in a 25-feet circle, on 
the one hand ; while the line relating to experiments made in a straight line should, on the other 
hand, be more ourred than either. 

Future experiments may possibly throw some light upon this apparent anomaly. 

It is stated in Weisbach's * Mechanics,' that from the experiments of Du Buat and those of 
Thibault, it would appear that the forces of still air against a flat surface, moved at different velo- 
cities through it in a straight line, are proportional to the forces of impact of winds of the same 
velocities, but less than them in the ratio of 1 * 4 to 1 ' 85 ; so that if Yr be the velocity of the wind, and 
Ym that of the body, in the two cases, then when the velocities are such as to make the resistance 
in the on e cas e equal to the force of impact in the other, we have 1*85 Y? = 1 '4 Ym* and hence 

yl'4 
— — ^ Ym = * 87 Ym, from which we see that the velocity of wind only appears to require 
X ' oO 

to be 0'87 of that of a body moved through still air in a straight line, to give rise to the same force 
against the body ; and hence it may be that the velocities calculated £rom our formulas, deduced 
£rom the walking or Whirling Machine experiments, would require, when the anemometer is 
employed in the ordinary way for measuring a current of air, to be multiplied by 0*87, to give 
the true velocity of the wind ; but on this point Atkinson and Daglish entertain very grave doubts, 
as such results do not appear, a priori^ to be probable, and the subject is one in which mistakes 
are very liable to occur. 

In Uke manner, when a flat surface is moved against a still atmosphere in a cirole, the experi- 
ments of Hutton, Borda, and Thibault appear to indicate that at a given velocity the force or 
resistance is only about 1*5, compared with a force of 1 '85 for the same velocity when the flat sur- 
£Mse is at rest, and the air moves, as a wind, against it ; so that if Yo be the velocity of a flat surface 
moving in a circle, and Y, the velocity of a wind giving rise to the same force, then, in order that 
the force in the one case may be equal to the resista nce in the other, we have the velooitieB such 

that 1*85 Y* = l-5Y!,fiDm whence Y,= \/ll|-Yo =-9 Yo,fiom which it would appear that 

the velocities of wind, as deduced horn the formulas found by the experiments made with the 
Whirling Machine, should be reduced by multiplying them oy *9 in order to get the actual 
velocities of the wind. There is, however, stud to oe more grave doubts still as to the correctness 
cf this conclusion, and for the present it is preferred to leave it out of the formulas given. 

The discrepancy between the line E, E, in Fig. 160,| representing Yo, and the lines B, B, A, A, 
representing Vm} are much greater tlum the differences just aUudra to would appear to indicate, 
and hence there is reason to suppose that the data are not reliable ; indeed, it may be seen that 
Weisbach, in adopting 1 '85, 1*4, and 1 '5 as multipliers of the motive column to give the force or 
resistance due to a wmd, to moving a flat surface in a straight line through still air, and then in a 
circle, respectively, makes no distinction between a large and a small circle ; while a glance at 
Fig. 158 appears to show that the size of the circle has considerable influence upon the amount of 
the resistance the body meets with in its revolutions through still air at any velocity. 

It should, however, also be stated that the discrepancies between the line E, £, on the one hand, 
and the lines B, B, A, A, and other lines on the other hand, in Fig. 160, chiefly prevail at the higher 
velocities, and probably arise from the errors of observation, owing to the experimenter having to 
run at considerable speeds ; the jolting motion arising from this, and the disturbance of the air by 
his body, must be considerable. The formula for the lines D, D. C, C, is obtained only up to a velo- 
city of 500 feet per minute, up to which point the diagram exhibits a straight line, oonfonning very 
closely with that eiven by the Whirling Machine. 

The height of a column of a fluid, A, in feet, required to generate a velocity of Y^ in feet per 

Y* Y* 

second, apart from friction, is expressed by A, = -^ , when g = 82^, giving A| = ^ ; or, where 

y! 

A, is the height of the column due to Y„ the velocity in feet per minute, this becomes A, = 031600 ' 

and from the experiments of the authors just mentioned, it would appear that the impact of a 
fluid in motion would support a verti<»i column of the height f, m feet, expressed by /r = 
1'85YJ 1'85Y* Y* Y* 

281,600 ~ 644 * ' ^' -^^ " T25i89 "34^' (Se« -^<»eli»atiok.) While if the fluid is at 
rest, and the body (having in each case a flat surface) is moved in a straight line, the resistance 

1'4YJ 1'4Y! 
fm in height in feet of a column of the fluid would only amount to /m = 231 600 ~ — 6iP" **' 

■^'* ~ 165 429 ^ 45^52 ! ^ ^ ^® ^^7 ^^"^ moved in a circle, the resistance would support a 

ool«»n«fthefl«d/.foetmheightfoundby/.=^g=l:^«r/.=j3^=^-^. 

The experiments shown in Fig. 161 were made for the purpose of observing whether the action 
of Biram's anemometer varied much with the condition of the instrument, that is, whether the same 
formula and constants were required for the same instrument when properly cleaned and oiled, and 
again, after being much used and in a dirty condition ; and it is certoinly satisfactory to find, as 
will be observed in Fig. 161, that the action of the same instrument is very little altered through 
these varied conditions. 

The line A, A, on this diagram shows the velocity found by correcting the readings of the 
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MhtmamBi/Bt by the fonnulA (for thlB partionlar infltminent), V = 1'017 B + 30 ; and it will be 
niiuhTked how very olotte the line approximates to the true velocity of the inBtmment paaaijig 
tUuugh the air, aa fouad by the Whirling Machine. 

EXFKBIlUCNTfl, FlO, 161, MADE WITH A 6-INOH BiBAll's AnEMOMETEB, IN GLEAN AND DIBTT 
CONDITIONS BESPECTTTVELY, ON THE WHIRLING MaOHINB, IN A 25-FEET GiBOLE. 



No, Of 
UlOBt 



1 
2 
3 

4 
5 
6 
7 
8 
9 
10 



Lnnie B B.— IvRBCifxirr Glbah. 



Number 
IndlcAtedby 

Index of 

Anemometer 

= R. 


Actual 

Yelodtj 

=V. 


93 


125 


120 


150 


133 


162 


412 


450 


412 


450 


422 


450 


427 


462 


582 


625 


585 


625 


592 


637 



Velocity 
calculated 
by formula 
V = 1-017 

R + 30. 



125 
152 
165 
449 
449 
459 
464 
622 
625 
632 



More. 



2 
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2 

• • 
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• • 
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Lnrs C C. — ImcBDicsiiT Dntrr. 



Number 

indicated 

by Index 

of Anemo- 

meter = B. 
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80 
100 
365 
395 
425 
585 
585 
■ t 



Actual 

Telocity 

= V. 



100 
119 
137 
400 
427 
462 
625 
625 



Vdodty 

calculated 

by formula 

V = E + 39. 



Ebbob. 



More. 



EXFEBIlDENTSy FiG. 162, MADE WITH 8EVEBAL ANEMOMETERS (BiRAM's) ON WHIRLING MACHINE, 

IN 25-FEET CiROLE, TO FIND GONSTANTB m AND a. 





Lm E E F.~4-ar. Bnux. 


LiXX G D.r— 4-IK. BtBAlL 


Lm J I,— 4-IH. BlBAM. 


1 


ill 




1 

11 
11 II 


Ebbob. 






1 

r 




Soil 




1 

ll 
igii 


Ebbob. 


1 














6 




1? 


More. 


Less. 




< 


ti 


Mote. 


Len. 




1" 




More. 


Lag. 


^ 


^ 




> 






k; 




? 


• t 




^ 




> 






1 


205 


250 




• • 




187 


237 






77 


131 


• • 


• • 


• • 


2 


210 


262 










200 


250 












82 


137 














3 


215 


262 










255 


300 












182 


225 














4 


840 


387 










837 


387 












200 


237 














5 


345 


387 










340 


387 












230 


262 














6 


360 


400 










350 


400 












242 


275 














7 


405 


462 
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Fig. 162 exhibits a series of lines formed by various 4 and 6 inch Biiam's anemometen, with 
whioh experiments have been tried. It will be observed that, although the general tendency of 
the lines formed by the different anemometers is in the same direction, thus giving one general 
form of formula applicable to all of them ; still each anemometer has a decided line of its own, 
requiring that special constants, found by direct experiment, should be applied to each instrument. 
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In making one of the experiments, the anemometer fell off the wand of the Whirling Machine (the 
line E F), and although it sustained no apparent damage^ still the line made by this instrument 
was altered at and from thiA point. The instrument was apparently not damaged, but the 
constants required for the correction of its readings were altered, owing^ possibly to some alteration 
in the form of the vanes ; showing that although, as previously exphimed, Fig. 161, the fact of 
the instrument being in a clean or dirty condition does not seriously affect its readings, still any 
sudden shock, or other violent treatment tending to vary the form of the vanes, or otherwise altcar 
the mechanical condition of the instrument, would do so. 

But even in this case the discrepancy caused by the fall seems to be much less in amount than 
the inaccuracy of the original readings ; and the application of the fonnula, as first foimd, would 
still render the readings much more correct than if tney were used In their uncorrected state. 

Atkinson and DagUsh made experiments for the purpose of observing the comparative rates of 
revolution of the same Biram's anemometer, when passed through a still atmosphere, by the 
Whirling Machine, in the first instance with its back, and again with its face towards the direction 
of its motion ; the former being the ordinary mode of operating. 

As there were considerable differences in the results given by these experiments, evidently 
depending upon whether the front or the back of the instrument received the impulse of the air, so 
that when plotted to form a diagram the lines appeared considerably apart from each other, 
showing that the same formula coiud not apply to the instrument under the variation of conditions 
involved in the experiments, another series of similar experiments was made, further to test the 
truth of the conclusion indicated by the former series. The results of these experiments only 
served to confirm the former ones. 

The two lines F, F, A B, Fig. 163, are formed from experiments registered in the following 
Table ; and the two lines O H, G D, from these experiments ; the line G H, in each case being 
that given when the back of the anemometer received the impulse of the current, as is oozrect in 
practice. 

EXPEBIHENTS, FiG. 163, MADE WITH A 4-IKCH BlBAH*8 AnEHOHISTKB ON THE WhIBLINO MACHINE, 

IN A 25-FEET Circle, to abcebtain the difference between the Anehometeb going the 
Back to Cubbent and Face to Cubbent. 



No. of 
Experi- 
ment. 



Lm F F.^AsxMOMXTBB oonro Back to Citkrbit. 



1 
2 
3 
4 
5 
6 



Number 
indicated 1^^ 

Index of 

Anemometer 

= R. 


Actnal 

Velocity 

= V. 


172 


212 


182 


225 


315 


362 


317 


362 


405 


450 


417 


462 

• ■ 


• • 

• • 


• » 



Velod^ cal- 

cnlated^ 

formnla ¥= 

l-OlR-l-41. 



Ebbob. 



More. 



214 

• • 

361 
462 



Len. 



Number 
indicated by 

Index of 

Anemometer 

= R. 



Lm A B.— Aksmombtsb oonro Facb to CuBSxirT. 



Actnal 

Velocity 

= V. 



Velocity cal- 
culated ter 
formula V= 
'982B+41. 



More. 



157 
192 
240 
290 
307 
332 
425 
450 
450 



187 


187 


• • 


218 


• • 


• ■ 


262 


• • 


• • 


312 


• • 


• • 


325 


326 


1 


350 


• ■ 


■ • 


437 


• • 


. • 


462 


• • 


« . 


462 


460 


• . 






No. of 
Experi- 
ment. 



1 
2 
3 
4 
5 
6 
7 
8 
9 



Lntx G H.— AMEMomnvB oonro Back to CcmtEirT. 



Number 
indicated by 

Index of 

Anemometer 

= R. 



60 
65 
122 
135 
213 
230 
317 
367 
442 



Actual 

Velocity 

= V. 



106 
109 
162 
172 
250 
262 
350 
400 
475 



Velocity cal- 
culated by 
formula V= 
'98 B + 41. 



161 



474 



Ebbob. 



More. 



Leaa. 



Lots C D.— Akzicombtbb oonro Facb to CraBzn. 



Number 
indicated by 

Index of 

Anemometer 

= B. 



112 
117 
256 
297 
390 
440 
467 



Actual 

Velocity 

= V. 



144 
150 
275 
312 
400 
450 
475 



Velocity cal- 
culated by 
formula V= 
•932 B 4- 41. 



145 



475 



Ebbob. 



More. 



These results prove that the additive oonstant remains the same in the some instmment when 
used either side foremost, but that, on the other hand, the amount of the necessary multiplicative 
constant depends upon the form of the wands receiving the impulse of the wind, as had been 
anticipated and mentioned in the remarks upon Figs. 161, 162. 

In general principles the anemometers of Whewell and Osier are similar to those of Combes 
and Biram, but by additional apparatus the two former are made self-registering, both in reference 
to the force and direction of the wind ; this, of course, adds to the friction of uie instrument, and 
they are not, therefore, adapted for ascertaining the velocities of feeble currents. 
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The anemometer of Dr. Bobinaon u constnioted on the aflBQmptioii.that the force of Impact of 
the air against hollow hemispherioal cape is twice as great on the concave as on the convex side 
of the cups, and that the vanes revolve at the rate of one-third of the velocity of the cnrrent, 
except in BO £etr as the velocity of revolution is modified bv friction. 

'Rke mechanism of this instrument is very strong, and allows of the revolutions being recorded 
throughout a whole day; it would, therefore, be a very suitable anemometer to have near a 
fttxnaoe, or in the principal intake or return from a mine. 

Pressure Anemometers. — ^Perhaps amongst the best known of the pressure anemometers are 
M. Bongui's, Dr. Lind's, that of Henaut, described by Ponson, and Dickinson's, one of Her Ifajesty's 
Inspectors of Mines. The anemometer of Bongui consists of an apparatus like a spring-balance, 
furnished with a float-board or plain surface of given area, and the pressure or impulse is indicated 
by marks on the sliding-rod of the spring ; it is figured and deacribed in the ' Edmburgh Encyclo- 



The anemometer of Dr. Lind resembles the photometer of Pitdt ; it determines the velocity of 
the wind by its action on a small quantity of water in a y-shaped tube. As the same instrument 
is much used in coal mines as a water-gauge for indicating the difference of pressure between the 
downcast and upcast air-column, it will not be at all necessary to give a detailed description of it. 
From numerous experiments. Dr. Lind considered that the pressure of the wind in direct impulse 
is nearly proportional to the square of its velocity. The following Table is calculated from this, 
but considerably enlarged by other experiments. 



Table or the Force and Yblooitt of Ditferent Winds fob the Graduation of Anemometers. 

(* Edinburgh Encydopndia.') 



Height of the 

ODlanm of 

VBterin 

Dr. lind's 

















1 
1 
1 
1 
2 
2 
3 
3 
4 
4 
5 
6 
6 
7 
8 
9 
9 
10 
11 
11 
12 



0009515 

0038060 

0083732 

0133210 

023 

025 

050 

092 

10 

11 

368 

5 

585 

84 



146 

5 

9 



68 

37 

08 



36 



12 



Foroeonft 

lo poQodi 

ayoirdii- 

polib 





















1 

1 

2 

3 

4 

5 

6 

7 

9 

10 

12 

15 

17 

20 

21 

26 

31 

31 

36 

41 

46 

49 

52 

57 

58 

62 



•005 
•020 
•044 
•079 
•123 
•130 
•260 
•492 
•521 
•107 
•968 
•604 
•075 
•429 
•208 
•027 
•873 
•963 
•417 
•300 
•625 
•715 
•833 
•435 
•041 
•490 
•250 
•548 
•667 
•875 
•200 
•083 
•293 
•450 
•500 

2 



Force on a 

aq. foot, 

in poiuda, oQQoea, 

and drams 

ayolrdnpoie. 



11m. 01. 












1 

1 15 

2 9 




1 
1 
2 

4 
7 
8 
1 



3 
4 
5 
6 



1 
6 
8 




7 13 
9 15 
10 6 
12 4 
15 10 
17 11 

20 13 

21 6 



26 
31 
31 




7 
4 



36 8 
41 10 
46 14 
49 3 



52 
57 

58 



1 

4 
7 



62 8 



1 

5 

11 

4 

15 

1 

2 

13 

5 

11 

7 

10 

3 

13 

6 

6 

10 

6 

10 

12 

00 

7 

5 

15 

10 

13 

00 

12 

10 

00 

3 

5 

11 

3 
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Feet in 
onesecood. 



Miles in 
<me honr. 



OouiNited fiftm 
BoDse's Ezperimenti. 



dr. 




•280 


!• 


•120 


2- 


•264 


4- 


•224 


5- 


•488 


7' 


•280 


7- 


•560 


10- 


•952 


14- 


•378 


15- 


•392 


22- 


•808 


29 • 


•624 


83- 


•200 


36^ 


•824 


44- 


•248 


47 • 


•912 


61 • 


•688 


58- 


•528 


66^ 


•496 


67^ 


•800 


73- 


•000 


82- 


•040 


88- 


•248 


95- 


•360 


96- 


•496 


106* 


•440 


117 • 


•000 


116^ 


•288 


126 • 


•752 


135 • 


•000 


143- 


•200 


146- 


•248 


150- 


•008 


158- 


•200 


160 • 


•000 


165^ 



•43 
•93 
•40 
•87 
•33 
•55 
•67 
•67 
•19 
•00 
•34 
•74 
•67 
•01 
•73 
•34 
•68 
•01 
•50 
•35 
•67 
•02 
•46 
•82 
•72 
•36 
•91 
•43 
•00 
•11 
70 
•93 
•29 
•00 
•84 



4 



5 

7 

10 

10 

15 

20 

23 

25 

30 

82 

35 

40 

45 

46 

50 

56 

60 

65 

66 

72 

80 

79 

86 

92 

97 

100 

102 

107 

109 

112 



1 
2 
8 

4 
5 
14 
27 
00 
35 
00 
00 
00 



54 



02 

37 

08 

76 

71 
20 
04 
57 

90 
92 

73 



Feet in 
one second. 



Miles In 
one honr. 



Oompated ftom 
Dr. Hntton's 
Experiments. 



1' 


63 


1- 


8 


26 


2' 


4 


-84 


8- 


6 


52 


4- 


8 


09 


6- 


8 


33 


5^ 


11 


'77 


8^ 


16 


■16 


11^ 


16 


■66 


11- 


24 


•30 


16 • 


32 


•39 


22- 


37 


26 


25^ 


40 


51 


27- 


48' 


60 


33^ 


52 


70 


85^ 


56 


69 


88* 


64 


•79 


44^ 


72 


89 


49 • 


74 


•53 


50^ 


81 


02 


55 • 


91 


•28 


62 • 


97 


•20 


66- 


105 


•40 


71 • 


106 


92 


74 • 


117 


•84 


80^ 


129 


59 


88 • 


129 


•09 


88^ 


139 


65 


95- 


149 


■07 


101- 


168 


11 


107- 


162 


04 


110^ 


166 


66. 


113^ 


171 


72 


117- 


176 


55 


120 • 


182-57 


124 • 


6 


1 


7 



•11 

•22 
•30 
•44 
•51 
•67 
•00 
•01 
•35 
•57 
•00 
•40 
•62 
•13 
•93 
•65 
•00 
•69 
•81 
•24 
•23 
•27 
•86 
•79 
•10 
•54 
•01 
•21 
•63 
•80 
•48 
•63 
'08 
•37 
•47 



Ghancter of the Winds. 



Hardly peroeptibla . . . . Boose. 
Jost pero^tlblo .. .. Bouse. 

Gentle winds Boose. 

A gentle wind Lind. 

Pleasant wind Lind. 

Pleasant brisk gale. . . . Boose. 

Fresh breeae Lind. 

Brisk gale Rooae. 

Very brisk Bouse. 

Brisk gale lind. 

Very brisk Rouse. 

High wind Bonae. 

Highwind Lind. 

Very high Boose. 

Oreat storm Denham. 

Veryhigh lind. 

Storm or tempest .. .. Boose. 

Storm lind. 

Great storm Boose. 

Oreat storm lind. 

Great storm . . La Oondamina. 

Very great storm .. .. Lind. 

Horrlcane Boose. 

Honicsne Lind. 

Great hurricane .. .. Lind. 

Very great hofriosne .. lind. 

Most violent horricane . . lind. 

Horricane that tears op 
trees and throws down 
boikUngs Boose. 

Obserred by Bochon. 



8 



BordiL however, found that the force of the wind was greater by -^ part than Bouae's Table 
gives. Hutton also showed that the forces at very great velocities increased in a somewhat higher 
ratio than the squares of the velocity. 
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ANGLR-BEA0KET8. 



164. 



1«6. 




Henattf 8 anemometer, Figs. 164, 165, is similar in its principle and action to that of Dickinson; 
in the latter the impnl»e is zeoeiyed on a plain siir£aoe A, of oiled skin about 3 inches square, 
suspended from the top p, the variations of which, 
from the perpendicular phdg, are noted on a scale 
ddn, which is marked off by direct experiments. 
This instrument is extremely portable, and not 
easily put out of order ; but whilst it possesses the 
great yalue, with other instruments of this class, 
of not requiring any watch or other means of 
noting the time, it is, in common with them, sub- 
ject to the great disadvantage of vibrating con- 
tinually, especially in a rapid current, and of not 
recording the variation of the velocity within limits 
of 20 feet per minute ; it is, however, veij useful 
in steady currents of from 200 to 700 feet per 
minute. The supports gg, bib secured to a base 
c t, which is levelled by screws r v. 

Complex Anemometers. — The principle of the 
interesting method proposed by Professor Leslie 
for finding the velocity of an air-current by its 
cooling action, can be studied at length in his 
'Treatise on Heat.' From his experiments he 
deduced the following: — ''A thermometer is held 
in the open, still atmosphere, and the temperature 

marked ; it is then warmed by the application of ' p i " 

the hand, and the time noted which it ti^es to ■■ ^ ■ ■ ! cSa)» 

sink back to the normal point ; this is tormed the 
fundamental measuro of cooling. The same observation is made on exposing the bulb to the 
impression of the wind, and the time required for the bisection of the interval of temperaturos is 
termed the occasional measure of cooling ; then divide the fundamental by the occasional measuro 
of cooling, and the increase of the quotient above unity, being multiplied by 4}, will express the 
velocity of the wind in miles per hour." 

ANGLE-BEAD. Fb., Comiche de oomHrey Chapekt angviaire; Geb., Winkd oder Eck Kamim; 
Bfak., Ouarda^vo, 

Angle-bead, sometimes tormed Staff-head, shown in Fig. 166, is a small round moulding, often 
out into short embossments, like pearls in a necklace. In plastering, angle-beads are made flush 
with the finished surface on each rotum to assist in floating the plaster ; they are 
nailed to plugs or to wood-bricks built into the wall. Angle-beads are in some 
oases made to show double on each face of a comer, thus forming a triple bead ; J 
however, in superior apartments a triple bead is not employed, but the plaster is ^ 
well gauged and brought to an arris, a thin copper angle-bar oeing in most cases 
fltted in to preserve the comer horn, accidental fracture. Wooden angle-beads are 
fixed to the jambs of arohed recesses, the bead round the head of the aroh is formed 
with plaster, and in good work it is neoessary to oonoeal the joint between the plaster 
and wooden beads by an impost, 

ANGLE-BBAGE. Fb., Attache angvlaire; GsB., Winkel StrOe; Ital., Calastretto d'angoh, 
Ihxversa; Span., Tirante, 167. (V. 

Any framing when situated on the inner side of an angle, for the 
purpose of tying the work together, is tormed an angl^-brace. In Fig. 
167, representing the framing of the external angle of a building, A is 
the angle-brace, B dragon-piece, and C wall-plates. 

The term angle-brace is also applied to a tool for boring in comers and 
other confined localities where there is not space to use the cranked 
handle of a common brace. It is composed of metal, and works by means 
of two bevel-pinions, and a winch-handle which turns at right angles to 
the centre of the hole to be pierced. See Bbaob. 

Anglb-Bbacket. 

AKGLE-BBAGEETS. Fb., Tasseaux angulaires. Support angulaire ; 
Gbb., Winkellager; Ital., Oattello, Measola d'angoh; Span., Modilhnes angulares, 

A bracket projecting from the angle of a wall or building, instead of at right angles, as from 
the face of a wall, is termed an angle-bracket. 

Let DBA, Fi^. 168, be the elevation of the bracket of a cove, to find the angle-bracket. 

First, when it is a mitr^-braoket in an interior angle, the angle being 45% divide the curve A D 
into any number of equal pcurts 54321, and draw through the divisions of the lines 5 6, 4 c, 3 d, 2 «, 
1 /, perpendicular to B A, and cutting iimbcdefy and produce them to meet the line C O, repre- 
senting the centre of the seat of the angl^-bracket ; and from the points of intersection w ij k I 
draw lines to 4, 1 3, j 1, k 5, at right angles to G O, and make them equal — w 4to6 5, f3toc4,^'lto 
d 3, and so on ; and through G 4 8 1 5 draw the curve of the edge of the bracket. The dotted lines 
on each side of G O on the plan show the thickness of the bracket, and the dotted lines us, ntyvr, 
show the manner of finding the bevel of the base. 

The same figure shows the manner of finding the bracket for an obtuse exterior angle. Let 
G J F be the exterior angle, bisect it by the line J E, which will represent the seat of the centre of 
the bracket. The lines J I, s 4, o 3, p 2, g 1, r, are drawn perpendicular to J E, and their lengths are 
found as in the former case. 

To find the ongle-biacket of a cornice for interior and exterior angles. Let K A B, Fig. 169, be 



166. 





ANaLE-BBACEETS. 




in the form of the oontonr of the bmclcet ooonn, draw linw peipendicnloi to E A oi Q C, catting 

KAinf,7/cA, and cutting tho line FA in F/rQu A. Draw the lines FR, RU. and A L, LN, 
repreaentuig the plan of the bracketing, and the parallel linen from the intorBootiona npoii, as 
■hown dotl«d in the engraving, then make AY and L/ each equal to AB, uoand Ml to cf. QS 
and oj equal to /rf, ft andpm equal to ^e, /ft and nr equal to b4,/p and fn equal to 



the point^ bo found to give the contour of the brackets required, 
aa ahown b; the dotted lines W Z V A. 



8 ft, /p I 

L The 



bevelB (^ the faoe are fbnDd 




m 




^ 


§ 


\ 


^ 




o 








o- ' 






/ 

r 




^ 





To find the nagle-hiaGket at the meeting of a concaTa curved wall with a straight wall. 
Let BCD F, Fig. 170, be the plan of the bracketing on the straight wall, andCG, MDtbo 
plan on the oinmlai wall; ABF the elevation od the straight wall, andMCOw t>'"">™'""""" 



ii the dicolar wall. 



93 ANGLE OF FBICTION. 

Dirids the ODrree AF, HO Into the nma umnber of eqiiaJFuta; Umii^ the diTiiknu of A F 

dnw the linei A C, Baf, 4A9, aiidaooii,peTpeiidiaaIu to BF,*nd through thoK of HO dn« the 

pKnllel lines, port straight and 

part curved, 5n/, tog, Sph, ami 

BO on. Then Ihroagh the mter- 

■ectiona fg h • of the straight and 

curved Itnee draw the curve C D, 

which will give the line from 

which to measure the ordinate* 

/5,fl4,A3,.-2,>l. 

To find the angle-bracket when ^^ — 
the wall is a oonvei curve. 

Let A(QC, Fig. 171, be the 
plan of the Ijrackettn^ on the 
Btistght wall, and A e Q L the plan 
OD the curved wail. From the 
points KtbcdhB of the brocket 
K A B, where ite contour changes, 
draw perpendioolarB as before. 
DntwLQ a radius to the curve of 
the wall LA, and set on it the 
divisions Mopn, equal and corres- 
ponding to cfg e of the elevation 
EAB; and ^w L/, M (, ot*, 
ji m, n r, n >, perpendicnlar to Q L, 
and make them equal to A B, c /, 
fd, gc, «i, et, of the elevation; 
then join the points by the line« 

/(, lj,jm, mr, r,, . Q, to ob- 
tajn the contour of the bmcket 
equal and corretponding KAB. 
Tbroagh the points Hopa draw 
concentric catves, meeting the 
perpendicular* &om the corree- 
potding points of KAB; from 
the intersections of the straight 
and curved lines, uo rf, draw the 
lines AY, no, o>, rt,/j>, perpen- 
dicular to < A, and make them 
equal to the oorreaponding tinea 
of the elevation, as before ; then 
join the points "V oslbpe to obtain 
the oontoui of the angle-braoket. 

The examples shown in Figs. 
172, 173, are projected in a Bimilar 

ANGLE OF FBICTION. 
Fb., Anglt dt fnytUment ; Gkb., Sei- 
biHigivitiJiel ; Ital., Aiigoh d'attrilo ; 
Bpan., Aagvlo de roiaminto. 

The angle of friction is also 
called the angU of repott. In an 
Abob, that angle at whiob the 
arch - stones cease to have any 
tendency to slip from their own 
weight or to eiert any thrust on 
the pier. Bondetet found by 






that e 




where the surfaoes were wrought 

in the beet manner the angle was 

seldom less than 28°, and it was in some cases as much as 86°. The angle variM with the weight 

as well as with the roughness of the stone. With soft stonea the tendency to slide is greater than 

with hard stones, where the amount of roughness is the eejne, particularly where the weight is 

great, as the inequalities are broken down when the stone is soft, and the duet facilitates sliding. 

On BOAM and Bailwats it is that inclination or gradient at which the carriages are on the 
point of moving by their own gravity : it varies with the loughneaa or smoothnesa of the road or 
rails, and with the diameter and fnction of the wheels upon their ailes. (See Horin, ' Nonvalles 
Experiences aur te Frotteroent.') 

The following, from Ponoolet and others, show the relative angle of repoae oi 
roads end railways :- 



It kinds of 



Wheels with iron tirea on a— BsthotSb^pa 

Boad of sand and gravel . . . . 1 in 16 

„ ofbrokeniinordinarycondition 1 „ 25 

stone I in perfect ccmdition 1 „ 67 

Well'made pavement 



For further information on this subject, see Friotioh. 



Wheels with iron tires on- 
Oak planks, not planed .. .. 
Stone trackway, well laid 
BaUway 

An inm-shod sledge on hardened •■ 



. It] 
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ANGLE-IEON. 
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ANGLE-IBOK. Fb^ Comiir0, ou Fer <k comiir0 ; Oeb^ WUM^ oder Eckeisen ; Ital., Ferro 
d^catgolo; BvAHf^ Bterro angular. 

Any loUed bar of iron. Figs. 174, 175, 176, 177, of an angular shape, ib nsnally termed angle-iron ; 
it is employed for forming the edges of iron-safes, bridges, and ships ; or to be riveted to the comers 
of boilers, tanksf &e., to connect tne side-plates. See Jdoilsbs ; Bbidoes ; Ibon-Ship Buildino. 

When we treat of the different structures in which angle-iron is employed, we will discuss the 
strength, suitable form, dimensions, and other mechanical properties of angle-iron ; here we merely 
give cross-sections, dimensions, and weights of some of the principal forms ^ i»^^ 

manufactured in the Earl of Dudley's extensiye works at Bound Oak, near 
Dudley. For Tee and angle iron, Kirkaldy lately found that the specific gravity 
varied from 7*7310 to 7*5297, and he took 7*6006 as the mean result of ten |H-h 
experiments. Whence if the area, in square inches, of the cross-section of any TTr 
specimen of angle or of T ux>Q ^ multiplied by 3*29887 (8*3 nearly), the 
product will give the weight of a lineal foot of such specimen in pounds. For 
example, Fig. 179 is the cross-section of one of a series of angle-irons of the 
Bonnd Oak Works ; length of each side = 6 in. mean ; breadth = 1 in. ; area =: 11 sq. in. ; therefore 
11 X 3-29887 = 86*28757 lbs. the lineal foot, or 36^ lbs. nearly. The mean breadth of this series 
varies from 4 to 1 in. However, it is necessary to state that a lineal foot of this iron, Fig. 179, 
weighed 38 lbs. 




1TB. 



ns. 



Length of Bides, 2} ud 2}; brcidth, \ in. 
Weight the lineal ibot, 2 Ifis. 2 os. 



2| and 8 ; breadth, ^ in. Weight the lineal 
foot»17'5lbii. 




a/ML 



g>'»». 



3 



3 and 3; breadth, fin. 
Weight 12 Ibi. the 
lineal foot. 



ITS. 



1T9. 



2 and 2 ; mean breadth, 
^in. Weight 51be. 
4 OB. the linttl foot. 






180. 



181. 



182. 



Length of sides, 5 and 5 ; breadth, 1 in. 
Weight the tineal foot, 81 *25 lbs. 



UIILI 



Length of Bides, 3 and 
3 ; breadth, f in. 
Weight the Uneal 
foot, 7*5 lbs. 



Length of sideB, 2) and 2); 
breadth, ^, Weight the 
lineal foot, 5 lbs. 12 oz. 
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ANGLE-mON. 



183. 



184. 



188. 



Length of nda^ 4 and 2; 
breadth, i in. Weight of 
lineal loot, 9-5 lbs. 



C!i 



«JN. 




Length of aides, 1{ and 1|; 
breadth, ^in. Weight of 
lineal foot, 2 lbs. 6} oz. 




Length of sides, 3^ and 2; 
breadths, { in. and ^ in. 

respectiTely. Weigjht the 
lineal foot, 7 Iba. 




I86w T-iion. 

Length: web, 3 in.; flange, 2) in.: 

thicknesB, Jg, Weight the lineal 
foot, 7 -2511)6. 



to 



I Hill. y»| 



m. Section. 

Weight the lineal feot, 
8 lbs. 




188. T-iron. 

Length; web, 2|; flange 4; 
breadth, |in. Weight the 
lineal foot, 8-5 Ibi. 



fnb 



• 



ID 



189. T-lfon* 
Length : web^ 3 ; flange, 6 ; breadth, ) in. 
Weight the lineal foot, 15 lbs. 



^S 



• IN 



"N r 



si 

IN. 



iw. T- 

Length : web, 4 ; flange, 5 ; breadth, ^ in. 
Weight the lineal foot, 14*5 lbs. 



g 



«i 




3 



191. T. Section. 

Length: web, 5; flange, 4; 
breadth, ) in. Weight the 
lineal foot, 16 lbs. 



jj 



] 



193. Section. 

Length of each arm, 2 in. ; web, 
2}; breadth, -^in. Weight 
the lineal foot, 8 lbs. 2 oz. 



m 

I 

i 



«'A 



* 



193L Section. 

Length of each arm, 2 in.; 
Imadth varying uniformly 
from -4 in. to *25 in. 
Weight the lineal foot, 5*75 
lbs. 




ANGULAB MOTION, ob VELOCITY. 
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194. Sectkn. 



Length of each ann, { in. ; web, 2*75 In. ; 

breadth varying from ) in. to | in. 

Weight the lineal foot, 6 lbs. 14 oi. 



dl.iN 





196. SecUon. 

Length of each arm, ) in. ; 
least breadth, | in. ; web, 

^i ^D*; i io- thick. 
Weight the lineal foot, 
1 lb. 6 oz. 




196. Section. 

Length of each arm, f in. ; 
web, 1 in. ; breadth, ^ in. 
Weight the lineal foot, 
11 oz. 



JSL 




19T. Section. 



Length, If in. ; brnidth, f in. 
Weight the lineal foot» 3 lbs. 
15ioz. 



/: 




198. Section. 

i in. thick ; the other dimeDsiona 
are giren on the section. 
Weight the lineal foot, UK 
Sox. 




199. Section. 

•f) in. thick ; the other dimen- 
rions are giyen on the section. 
Weight the lineal foot, 5 lbs. 
l|oz. 




900. Section. 

I in. thick. Weight the lineal foot, 
2 lbs. 




201. Section. 

Length, 4 in. ; breadth varying 
from ^ in. to ) in. Weight, 
9 lbs. 




203. Section. 

{ in. thick ; chord, 2| in., as 
shown on the section. Weight 
the lineal foot^ 3 lbs. 4 oz. 




ANGLE-BAFTEB. Fb., Aretier ; Geb., Gradsparre. 

Angle-rafter, more oommo^y called '^ hip-rafter/* in hipped roofs iB the piece of timber which 
mns from the angle of the building to the ridge of the roof into which it is framed, and of which 
it forms the continuation to the eaves, where it butts on the dragon-piece. It is usually from 
1^ inch to 2 inches thick, and from 6 inches to 8 inches deep, according to the length ; the ends of 
the jack-iaften are nailed to it in the same manner as the common rafters aro nailed to the 
ridge. 

ANGLE OF BEFOSE. Fb., Angle de repos; Geb., Ruhevoinkeli Ital., Angolo Umite d'attrito; 
Span., Angulo de reposo. 

See Angle of Fbiotion. 

ANGLE-STAFF. Fb., Comiche de cornice ; Geb.. Winkd Kamiess ; Span., Gmrda-arista, 

The strips of wood employed in the inside of buildings, upon the exterior vertical angles, to 
protect the plastering, are called angle-stafiEs. 

Anele-staffs are of two kinds, namely, sauaro staffs and round staffs, also called angU^beads, the 
former oeing mostly employed when the walls are papered over, and the latter when the angles are 
seen. 

ANGLE-TIE. Fb., Attache angtUaire; Geb., Winkel 8tr^; Ital., Calastretto d'angolo, Tra- 
versa; Span., Tirante, 

See Angle-Bbace. 

ANGLE OF TBACTION. Ve^ Angk de tractum ; Qm^ Zug-WinJ^l ; Ital^ Angolo di tragione ; 
Span., Angvlo de traccion. 

The angle formed by the inclination of the traces with the snrfaoe of the roadway is teimed the 
angle of traction. 

ANGULAB MOTION, ob VELOCITY. Fb., Mouvement angulaire ; Geb., Winkelbewegung 
Oder Winielgeschunndigkeit ; Span., Velocidad angular. 

The velocity of a point moving in a cirole, whose radius is taken as a unit, is measured by the 
length of the aro that may be described by the point in a given time ; but tnis aro measures an 
angle, and that angular measuro is termed the angular velocity. As it is a part d our design to 
generalize and follow principle wherover it lead us, when such generalization tend to impcniant 
practical results ; hence, we purpose to explain angular velocity in general terms. 

In calculating the inotions of geared machinery, the angular velocity of a body has often to be 
determined when the number of rotations (n) in a minute is given. The distance travexsed by the 
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point ntnated 1 foot from the axis is 2 ir for each revolution, consequently 2 n ir for n revolutioDa, 
that is, 2 nir in 1 minute, or 60 seconds. The distance traversed by this point in 1 second is 

therefore —^ or -qq , which is the angular velocity required. If we call this angular velocity », 

» =: -gQ-; that is, to obtain the angular velocity , multiply the number of revolutions a-^ninute by the 

ratio of the circumference to the diameter, and divide the product by 30. If, for instance, a wheel 

45 X 3*1416 
makes 45 revolutions a-minute, its angular velocity is • = wn = 4*7124. From this 

30 « 
formula is deduced n = ; that is, to find the number of revolutions a-mtnufo, multiply the angular 

velocity by 30, and divide by the ratio of the circumference to the diameter. For instance, if « = 5 

5 X 30 
n = Q.iAic =47*7, or about 48 revolutions a-minute. 

The motion of rotation signifies the movement which all points of a single body make, in 
describing arcs or circles round the same axis, when the planes are perpendicular to that axis, and 
retain the same distance from each other. 

Such is the movement of a cog-wheel or fly-wheel, and of all revolving parts of machines. 

The first property peculiar to this species of motion is, that all points of a body describe in the 
same time arcs of the same number of degrees. Let us suppose the axis of rotation to be perpendicular 
to the plane of Fig. 203, and let O be the point where it meets this plane. Let us take any point ; 
for instance, A ; let a be the projection, upon the plane of the figure, of the initial position of the 
point A, and let a' be the projection of its position at the end of the time t ; the aro described by 
the p)int A will be equal to the aro a a\ having O for its centro. Let B be 
another point of the body ; 6, the projection of its fij-st position ; 6', the pro- 
jection of its final position; and b b' the projection of the aro, which it has 
described. Unite Oa, Oa\ 06, 06'. O a' will be the position of A with 
regard to the axis after the space of time t and O a before the first instant. 
From the point B to the axis fdso draw a line. O 6 will be its position before 
the first instant, and 06' after the lapse of the time t. Therefore the points 
A and B will maintaiTi their relative positions ; the angle formed by the two 
planes drawn ttom A and B remains unchanged. But this angle measures at ^ 
the first instant a 06, and at the final instent a' 06'; therefore these two 
angles aro equal. If we cancel the common part a' O 6, there remains a O a' = 6 O 6'. Therefore 
the arcs a a' and 6 6' are the arcs corresponding to the equal angles at the centre, which have the 
same number of degrees. The same may be said of all points of the body, as A and B are taken 
indlBcriminately. 

It therefore follows that the velocities of different points of the body, at the same instant, are pro- 
portional to their distances from the axis of rotation. Suppose, for instance, that the arcs a a' and 66' 
have been described in a very short time A t. The similitude of these arcs gives the proportion 

-- aa' 66' aa' 66' 

aa' : 66' = Oa : 06, fix)m which is derived -rj I -r-r = Oa : 06. -^ and ^ show respectively 

the velocity of the points A and B. By calling the distances Oa and 06, r and r', and the 
velocities v and v', the result will be, t? : c' = r : r . 

n. To determine completely the motion of a body turning round an axis, it is sufficient to know 
the motion of one of its points. The motions of all points of a body are generally compared to that 
of one particular point, 1 foot, or 1 mi^tre, distant from the axis. The motion of tins point is 
generally called, as previously stated, the angular velocity, and is usually expressed by the letter « . 
On comparing the velocity of any point A to that of the point situated at the unity of distance 
from the axis, we get, in accordduace with the rule explained above, o:« = r:ioros«r; that 
is, the velocity of any point of a body is equal to the angular velocity multiplied by the distance of that 
point from the axis of rotation. If, for instance, the angular velocity be 3, the velocity of a point, 
situate at 0*40 ft. from the axis, would be o = 0*40 ft. X 3 = 1*20 ft., from which is drawn the 

V 

formula » = — I that is, the angular velocity is obtained by dividing the velocity of any point by the 

distance of that point from the axis. For instance, let us seek the angular velocity of the earth. 

2 IT R 
B is the radius, of the equator; the velocity of a poiut situated on this circle is therefore 0^400' 

there being 86400 seconds in 24 hours, the time employed by the point in one revolution. Divide 

this velocity by the distance B of the point under consideration from the axis, and the result wiU 

2 IT 3*1415926 v 

be the angular velocity « = oqmqq = ^qoaq — = 0*000072722; consequently r = ~ ; that is, 

the distance of any point ofabody from t&e axis is the quotient of the velocity of the point by the angular 

1*50 ft 
velocity. If, for instance, v = 1*50 ft, and « = 0*8 ft., then r = ^.g ' = 1*875 ft. 

^ When the angular velocity is constant, the rotary motion is unifonn. 

* If the aro de:icribed by a point situate 1 foot, or 1 m^tre, from the axis be a at the b^inning of 
the first instant, and t the time employed in traversing that arc, a = « f . 

If the angul ar velocity be variable, the limit between the angular velocity and the increase of 

d w 
the time is callod angular acceleration. This angular velocity is generally represented by y = ^ • 

and as « is itse If derived from the aro a, the acceleration is the second derivative of that aro ; 
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d « being pnt for an extremely small quantity termed the differential of w, and d t for differential 

of ty which is an extremely short time. 

When the angular acceleration is constant, dn =^ydt. 

If »o be the primitive angular velocity, we obtain » = •q + 7 #, whence da = m^dt-yytdt. 

Supposing the arc a to begin at the position occupied by the point at starting, by integrating, 

we find a = »o« + -2-7^. In these two proportions, the formulas of uniformly variating motion 

are expressed. 

When several rotatory movements are to be considered, a geometrical sign is used to represent 
the angular velocities. On the axis of rotation an arbitrary point O, Fig. 204, is taken, and from 
this point is projected a length O P proportional to the angular velocity w. O P is placed ^oi. 
in such a direction, that a spectator, placed at P and looking in the direction P O, sees the ^ 
body turning in the direction of the hand of a watch ; that is, if O P were horizontal, the |P 
movement above would be from left to right. O P' would represent the angular velocity if 
the movement were in the opposite direction, namely, from left to right when passing 
imdemeath. 

It is therefore said that the angular velocity, or the rotation, w represented in quantity 
<md direction by the line O P in the first instance, and O P' in the second. 

WTien a solid body revolves round an axis, through the action of any force, the reactions 

upon that axis can be determined. Let O Z, Fig. 205, be the axis of rotation connected ^p 

with the points A and A', and with its extremity B, which rests against a perpendicular, 

fixed plane. From the centre of gravity G of the body pass a plane perpendicular to the axis, and 

cutting it at the point O ; take the point O for the origin of the axes of the co-ordinates of the 

different points, the axis O Z for the axis of z, and two axes 

OX and OY perpendicular to the first. Let M be any 

point of the body, m its mass. From M draw upon the axis 

the perpendicular M G = r, and let a be the angle it mokes 

at the end of the time t, with a parallel Y to the axis x ; 

and at the end of the same time let M P = x, P = y, and 

P Q = 4r, be the co-ordinates of the point M. This point, 

rotating round O Z, describes a circle having for centre. 

It may therefore be considered as being acted upon by a 

tangental force T and by a normal force N, the powers of 

d M 
which are respectively T = m r -rr and N = m a** r, if the 

angular velocity be » at the end of the time t. As the same 

may be said of all other points of the system, it follows that 

the body may be reganled as entirely subject to foroes 

analogous to T and to forces analogous to N. The body is 

therefore moved in reality by a system of forces F, F', F", 

Ac, the reactions of supports and the mutual action exercised by the material points of the body. 

The system of forces F and of the mutual actions is therefore equivalent (see Equivaient Fobces) to 

the system of forces analogous to T and N. There must therefore be equality between the sum of 

the projections of these two systems of foroes on each of the three axes, and between the sum 

of their momentums with regard to these axes. 

The projections of the force T on the axes of x, y, and z, are respectively 

d uf d tt 

— T sin. a, -f T cos. a, zero ; or, - m y -itt- , +mx -rj , zero. 

The relation of the momentums to the same axes is, adopting the conventional signs with 
regard to momentum, 

d to d ct d w 

— Toos. a,«r, — Tsin. az, +Tr; or, —rnxz-jr ^ '~"'^*"rfT» '^^^~di' 

The projections of the force N are, 

-f N COS. a, -f N sin. a, zero ; or, •\'mt^a'{-mt^y, zero. 

The momentums of the same force with regard to the same axes are expressed, 

— Nsin. a.«, -fNcos. a.;?, zero; or, —mcfiyzy -{-m^xz, zero. 

d to 
In passing from M to another point of the body, x, y, z, r, and a, will change ; but « and ^ will 

remain the same. On the other hand, the mutual forces will disappear when the sum of their 
projections on to any axis is nought, as they are equal and opposed to each other ; the sum of their 
momentums, with regard to an axis, will also be nought, for the same reason. 

Let R be the reaction exereised upon the point A perpendicular to the axis, omitting friction, 
and B' the same reaction upon A' ; and 8 the reaction exereised by a point B in tiie direction of 
the axis. O A = A and O A' = A' ; we can then describe the six conditions of equivalence ; putting 
2 for sum, 1m x signifies the sum of the products m x, then, 




SF, -HB, + R', = - -^ -Xmy + ti^Xmx, 



d» 



2Fy+By-fBV = + jj 2mx + «»2my, 
SF, -hS = 0, 



SifWsF-B, . A-hB'y .A' = 



d u 
It 



Xmxz^t»*'SmyZj 



[1] 

[2] 
[3] 
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d u 
~di 



2myz + c^2mxz^ 



[5] 
[6] 



d V 2 {f)(l, F 
The last equation giyes -^ = -± — -j— ; that is, the angviar acceleratum is expressed by tht 

sum of the momentums of the forces tcith regard to the cueis of rotatioriy divided by the vis inertia of the 
body tcith regard to the same axis, which expression can also be arrived at in a shorter manner. The 

first five equations make known the five unknown quantities, R„ Ry, R'«, R V <^d ^ l ^^ ^^ 
equations [1] and [5] Rx and R', may be found, and from [2] and [4] Ry and R'y are deduced. 
Equation [3] will give the value of S. 

If the movement is reckoned only for the first instant (It can also be another space of time), the 
axis of X can be passed through the centre of gravity. If we call M the total mass of the body and 
a the distance of the centre of gravity from the axis OZ, 2mx = Ma and 'Smy = 0. 

If, again, we suppose the body synmietrical with regard to the plane X O Z, we get 2f»x« = 
and 2myz = 0; and the six equations of the problem become 

2F, + R, + R', =M»»a, 

SFy + Ry + RV = Ma ^ , S, + S = 0, 

2iW,F-RyA + RVA = 0, 
2i«yF + R,A-R',V = 0, 

d Of 
The quantities Ma —rr , M cv^a express the tangental force and the normal force of the centre 

of gravity, considered as a material point where all the mass M is concentrated. 

Two particular cases deserve consideration : — 1. Where the axis of rotation is horizontal, the 
body has its centre of gravity in that axis, and is subject to no external force except that of 
gravitation. 2. When the axis of rotation is vertical, and the body, having its centre of gravity in 
the axis, is only subject to the force of gravitation and to forces acting horizontally. 

1. In the first case we get 

a = 0, 2 F, = P, 2 Fy = 0, and 2 F, =0, 

2ittxF = 0, 2i«yF = 0, 2i«,F = 0, 

R, + ^t', = -P, Ry + RV = 0, S = 0. 

d w 
The sixth equation gives -jr = 0, from which it follows that the movement is uniform ; the 

equations [4] and [5] can be reduced to 

- Ry . A + R'y A' = — «2 2 TO y *, 

R, .A — R, .A= -^ a^^imxz ; 

or, if the plan X O Z were symmetrical, 

Ry . A = R'y A' and R, . A = R', . A'. 

The first of these, compared with the second equation, gives Ry = and R'y = ; that is, 
the reactions at A and A' are then vertical. 

2. In the second case suppose the axis O Z, Fig. 206, to be vertical, and the centre of gravity to 
be situated in the axis O X at the first instant, P to be the weight of the body, and that we have 
as above 2 m y = and 2 m or = M a, we find 2 2oe. 



R, + R', = <»2Ma, 

d M 
Ry •)- R'y = Ma 



dt 



-Ry. 

Pa + R* 



- P + S = 0, 

d u 
A + R'». A' = - -^^ 



A - R', . A = - 



d « 



2iW,F = 



dt 
d « 

77 



"imxz — m', 2myir, 
2mr'. 



'B 



A 




If we wish the reactions of R and R' to be nought, we must 
according to the two first equations, make a = 0, that is, the 
centre of gravity must be in the axis of rotation. The equation 
— P + S = gives S =: P ; that is, the charge of the pivot which sustains the axis of rotation ia 
equal to the weight of the body. The two following equations can be reduced to 

d u _ 



and 



dt 



2myx — t^f'Xmxz = 0; 
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from which follows Smxx s and 2my« = 0; that is, the axis of rotation is one of the 
principal axes of the body. 

In millstones these two conditions are folfilled by means of lead introduced into vertical holes 
made for that purpose. If thia were not done, it might happen that, although remaining horizontal 
when at rest, they may, when in motion, exercise lateral reactions upon this axis, and cease to be 
horizontal. 

General Conditions of the Uniformity of Motion or of Equilibrium of a Solid Body^ Free in Space, and 
subjected to any Forces. — ^It is evident that a solid body, entirely free, can receive and take but one 
of the three following motions : — A motion of translation without rotation, a motion of rotation 
without translation, and a simultaneous motion of translation and rotation. 

Every motion of translation may be resolved into three other motions similar in relation to any 
three rectangular axes drawn in space ; and it is evident that if each of these component motions 
is separately zero, the resultant motion of translation will be so likewise. This condition is, more- 
over, necessary and sufficient. 

Now, in order that these three motions shall be zero for each of these axes, the sums of the 
components parallel to the axes should separately be zero. Then, if we call X., Y, and Z, the sums 
of the components of the exterior forces applied to an invariable solid, these forces cannot impart 
a motion of translation if we have at the same time X = 0, Y = 0, Z = 0, and the motion will 
remain uniform or the body be in equilibrium as to translation. 

So also every motion of rotation of a body, or of material points composing it, may be resolved 
into three motions of rotation around three rectangular axes drawn through any point. In order 
that the body shall receive no motion of rotation, it is only requisite that the rotations around each 
of the three axes shall be separately zero, which requires the sums of the moments (not momentimis) 
of forces in relation to each of the three axes, that is, the sums of the masses or weights multiplied 
by their perpendicular distances, to be separately zero, so that if we call L, M, and N, these three 
sums, we must have at the same time L = 0, M = 0, N = 0. When these conditions aro satisfied, 
the work developed in imparting a motion of rotation will be zero, and it will continue to move 
uniformly or will rest in equilibrium. 

In Older that the body receive no motion of translation, nor of rotation, or that its motion be in 
no wise altered, all that is requisite is : 1st. That the sum of all the components of the forces 
soliciting the body, in rolation to any three rectangular axes, shall be separately zero. Thia is 
expressed by the relations X = 0, Y = 0, Z = 0, 

L = 0, M = 0, N = 0, 
which we call the six equations of uniform motion, or the equilibrium of an invariable body, free 
and solicited by any foroes. 

Centrifugal Force. — ^It is well known that, if we tie a stone or other heavy body to a cord, 
impress it with a circular motion of which the hand is the centre, the cord will experience a 
te^on, the greater as the motion is more rapid. From observation of this fact came tne use of 
the sling as an implement of war among the ancients, and which is now but a boy's play. Similar 
effects are seen in waggons running swiftly in short curves, in cirouses, when the horses and riders 
are naturally induced to lean towards the centre of the curves they describe to prevent being over- 
thrown. The reader may readily find other effects from the same cause : all of them prove that in 
curvilinear motion the bodies are subjected to a peculiar foroe tending to drive them from the 
centre, which force is called the centrifugal force. 

Measure of the Centrifugal Force.— Ho understand what takes place when a material point is 
submitted to the action of the centrifugal force, let us examine, first, how this foroe ie developed 
in circular motions. When a matorial point or an elementary mass m passes from one element of 
a curve which it describes to another, it tends by virtue of its inertia to continue its motion in the 
direction of the prolongation of this element, or of the tangent bdof the curve, and is what is termed 
fiying off at a tangent, as is the case with the sling at the moment one suddenly lets go his hold 
upon the cord. If the mass m takes the direction of the next element, it is then retained upon the 
curve, either by the resistance of the curve itself, upon which it then exerts a pressure, or by the 
tension which it develops in the cord. This pressure or tension is itself the measure of the centri- 
fugal force, in contradistinction to which it is sometimes called the centripetal force. 

This force is in the direction of the radius of the curve or of the corresponding circle, and if we 
call V tiie velocity with which the mass m is impressed in the direction of a b, and take the length 
bd to represent it. it is clear that the velocity destroyed by the resist- 
ance of the cord or the centripetal force, will be represented by 
the side dc of the parallelogram bcdf, whose side dc is parallel to 
the radius o&, in the direction of which this force is exerted. Now, 
an inspection of the figure shows that the angles abO and bdc are 
equal as internal and external, and the angles deb and c 6 O as alter- 
nate and internal ; and as moreover the angles cbO and abO being 
formed on both sides of the radius by two equal and consecutive 
elemente of the circle or of the polygon whose infinite number of 
sides replace it, it follows that the angles bdc and c? c 6 are equal, and 
the triangle bdc is isosceles. Then the velocity 6a with which the 
mass m is moved in the direction of the following elements bt^ia 
the same as that it had in the direction of the preceding element. 
Thus, in circular motion, the centrifugal force does not alter the velocity 
of rotation ; which is conformable with the principle of work, since 
this force, in the direction of the radius, or normal to the path 
described, produces no work in the direction of motion, so long as 

there is no path described in its own direction and by its action. This being settled, the 
velocity destroyed in the element of time t by the centripetal force has, according to the figure, 

R 2 
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<f c for it8 measiue, and the centripetal and centrifugal forces, ivhich are equal and directly oppoaite, 
have for a common measure F = m . —- . 

Now, the triangle bdc and Obt haying equal angles, are similar; we have then 
hO :bt llbdl dc, whence dc - — . q. = -g- . In calling R the radiusof the circle descrihed, 

8 

and 8 the elementary arc run oyer in the element of time t; and as we haye Y = -^ or a = Y f, it 

V X Y* ysf 
follows that dc= — ^ — = -j,- ; and finally, that the centrifugal force has for its measure 

my^t Y' 

F = jf = *** It » ^' moreover, we call Yj the angular velocity, or that at the unit of distance, 

Y *R' 
we have Y = Y, R, and the expression for the centrifugal force becomes F = m -^^ = m Yj^R. 

What we have said of the centrifugal force applies to a material point describing any curved 
line, since in each of its positions an osculating circle may be substituted for the curve ; the only 
difference being in the fact that the radius R of this circle varies for each position of the moving 
body, while that in the circle is constant. 

Work Developed by the Centrifugal Force. — When instead of being retained by a circular curve 
or at a constant distance from the centre of rotation, the material point is removed farther ttom 
it, the centrifugal force will cause it to describe a certain path in uie direction of the radius ; it 
develops upon this body a work eamly appreciated. In fact, if in an element of tim» the material 
point is displaced in the direction of the radius by a certain elementary quantity Y, the correspond- 
ing work of the centrifugal force will be Fr = m Yj'R r, and the total work due to this force, 
when the material point shall have passed from R" to R' at a greater distance from the centre, will 
be given by the sum of all the analogous elementary works taken from R = R" to R = R'. Now 

11 
we see from the principle of work that this sum is equal to g w Y,« (R*" - R"«)= ginCV' - Y"«) 

if we call Y' = Y| R' and Y" = Yj R", the velocities of rotation of the point around the centre. 
We have then for the work of the centrifugal force T = g »» Y,« (R** - R"^ = ^ m (Y"* - Y">). 

We remark that the second member of this relation is no other than the variation of the vis 
fnva of rotation, experienced by the material point while partaking of this motion in its removal 
from the centre of rotation, whatever may be the curve or path described in this removaL This 
expression then could be directly deduced from the principle of vis viva. 

In the case just considered, the centrifugal force tends to increase the absolute velocity of the 
body moved, and acts thus as a motive force which is developed in the motion of rotation. When, 
on Uie other hand, the body approaches the centre, the centrifugal force is opposed to it, and acts aa 
a resistance in developing a work having indeed the same expression, but which is resistant, since 
the path described is in a direction contrary to the action of the force. 

The preceding considerations will find their application in the study of the effects of certain 
hydraulic receivers. 

Action of the Centrifugal Force upon Waggons, — When a coach with great speed turns unon a 
short curve, the effects of the centrifugal force is felt by the passengers, who are driven towaros the 
outer curve with an intensity often dangerous for those placed on the outside, and which may even 
disturb the stability of the coach itself. 

There is often a prejudice against the effects of this force upon railways, when it is proposed 
to use ciurves of small radius ; but it ia easily shown by figures, that in this regard the greatest 
velocities with the common radii of curves produce no danger. . 

In fact, calling P the weight of the car or any carriage, h the ^^ 

height of its centre of gravity above the plane of tne track, 

P 
F = - Y,«R the centrifugal force, 2 c the width of the track. It 

is evident that when the car passes around the centre O of the 
curve, and is arrested by some obstacle, such as the falling or 
rising of the rail, it tends to upset outwards, in turning around 
the point a of instantaneous support. This motion is counter- 
balanced by the weight P of the carriage, and at the moment 
when the weight and centrifugal force are in equilibrium as to 
the point, we have between the moments of the two forces P and 

P P 

F = ~ Yi« R the relation P c = - - Yj^ R h, which shows that, 

with equal velocities and weights, the stability of the car will be 
so much the greater, and the equilibrium better secured, as the width 2 c of the track is greater in 
its ratio with the height of the centre of gravity. The velocity of transit answering to this 
equilibrium upon common tracks, for which 2 c = 4*75 ft. with cars whose centre of gravity when 
loaded is 3*28 ft. in height, a nd wi th curves 1312 ft. radius, will be given by the relation 

Vx'R = y , whence Yi R = ^Z ^^ ^ = ^'^^'^ ^^ * ▼«locity beyond the greatest speed of ndl- 

roads. This shows that in this regard the centrifugal force occasions no danger. But we should 
not forget that it brings the flanges of the outer wheels to bear against the rails, producing a 
cutting away which wears them out and greatly contributes to their running off the track. 
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Action of t?ie Centrifugal Force in Fly-wheeh, — For regulating the irregularities of machines we 
make use of rotating pieces of considerable weight and diameter, impressed with auite a great 
velocity, upon which the motion of rotation develops a centrifus^l force of oonsideraDle intensity. 
Thus, for example, the fly-wheel of an iron rolling-mill, established at the iron-works of Four- 
chambault, weighs 13,232 lbs., its radius is 9*58 ft., the number of turns it makes is 60 in 1', or 
1 per second. 

We have thus V, = 6-28ft. in 1", and consequently, Vj R = 6*28 x 9-58. 

If we consider a segment of the ring equal to ^ of its circumference, corresponding to a single 

arm, its weight will be 2205 lbs. ; and if its connection with the adjoining segment is broken, 

2205 
the arm will experience, in the direction of its length, a traction expressed by »„ .^.- x 6*28* x 

9*58 = 25,887 lbs., which shows that in fly-wheels the centrifugal force acquires a dangerous 
intensity, and that it is well to give great solidity to their connections. The velocity of rotation of 
these machines should be confined within certain limits. If, for example, we were to impart to the 
above fly a double velocity, or 120 turns in 1', the centrifugal force of the segment just considered 
would be four-fold, or equal to 103,548 lbs. 

Application to the Motion of Water contained in a Vase turning round a Vertical Axis. — In this case 
the liquid molecules are simultaneously subjected to the vertical action of their own weight, and 
to a centrifugal force developed horizontally ; in order that they shall be in equilibrium under the 
action of these two forces, it is requisite that the resultant of these two forces should be normal to 
the surface assumed by the fluid mass, for if this resultant was inclined to the surface, the mole- 
cules would yield to its obljque action. 

Let us oqpsider a molecule m with the weight p and mass ^ , situated at the distance mjp = B 

&om the axis of rotation AC. In a horizontal direction and per- 
pendicular to the axis, it will be impressed with a centrifugal force 

expressed by ^y>R. Let us take mB = ^ V^iRjmDrrpyandoon- 
jf g 

struct the psjallelogram mBED, whose diagonal normal to the 

surface assumed by the fluid intersects the axis at t. The similar 

triangles mp i and m B E give us m B or -^ Y.^R : B E or p : : mp or 

9 

B : |> t, whenoep t = ~|. 

Thus the distance p t, which is called the subnormal, depends only 
upon the constant number g, and the angular velocity supposed also 
to be constant. Consequently this dutance is constant, which, 
according to the known properties of the parabola, shows that the generating curve of the surface 
of the level is a parabola whose summit is at the point O, and whose axis is that of the rotation, 

and we readily see that its parameter is ~^, so long as we have j>j>' or 2d; : mpoi y : : mp or y : 

piorl^, whence y« = i|- ar. 

Surface of Water contained in a Bucket of a ffydraulic^heel unth a Horizontal Axle, — In following 
ihe reasoning of the preceding case, it is easy to see that, if we represent by ab the centrifugal 

p 
tone -^ Vj' B, and by a d ihe weight p of any 

molecule situated on the surface, we shall have the 
proportion a 6 or -~ V,» B : 6c or p : : B : 01, 

if 

9 

O I is constant for all points of the surface of the 
liquid, and that consequently this surface is that of 
a cylinder, with a circular base of radius a I, whose 

axis is paraUel to that of the wheel. This theorem, o^ 

for which we are indebted to M. Poncelet, serves as 
the basis of the theory which this engineer has given 
upon the effects of water in bucket-wheels with great 
relodties. 

Regulators with Centrifugal Ibrce. — ^The action of 
centrifugal force is utilised in the construction of an 
apparatus called a governor. It consists principally 
of a vertical spindle A H, Fig. 211, which receives 
from the machine to be regulated a motion of rota- 
tion. Upon this spindle are suspended two rods A P 
and A P', jointed at A, and terminated by the equal 
weights or bobs P and P^ At the two joints B and B' of the rods A P and A F are jointed two 
other equal rods B C and B'C, forming with the first a lozenge, and which at their ends C and C 
are also jointed with a collar traversed by the vertical spindle with which it turns, having at the 
■ame time a motion of translation in the direction of the length of this spindle. This collar has a 
yoke in which is fastened the fork of a lever D E, which acts upon the throttle-valves for steam, or 
upon any other piece. 



aio. 



whence 01 = 



which shows that the distance 
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The worldDg of thia oontriYfmce is readily understood. By the effect of the rotatory motion of 
the yertical spindle, the balls of the regulator are thrown outwards from the axis, and so raise the 
collar a certam height. If the machine has attained 
and preserves its normal velocity, the balls and the 
collar are held in the same position^ because there 
is established a state of equilibrium between the 
centrifugal force and the weights of the different 
parts of the apparatus. When the velocity in- 
creases, the centrifugal force increases, tending to 
spread outwards the balls and to raise the collar, 
and consequently the lever D E. Inversely, if the 
velocity diminishes, the balls approach the spindle ; 
the collar and the end of the lever D E are lowered. 

Let us examine the mechanical conditions of 
the action of this apparatus, and first suppose the 
collar C C, as well os the rods B C and B' C, to 
be in equilibrium with the lever D E, so that, 
neglecting friction, we may regard the rods AB 
and A B' as free to yield to the centrifugal force 
which tends to separate them, and to the weight of 
the balls which tends to bring them nearer to the 
spindle. 

p 

The centrifugal force of each ball is — V,' x 

O P, and its moment in relation to the axis of joints 

P 
Aia—V, xOPxAO. The moment of the 

weight P of each ball in respect to the same axis is 
P X O P. Consequently the condition of equilibrium 

p V * 1 

of each is -- V,' x A O = P, whence — — = -v-q ; 

which shows that the distance of the balls* sepa- 
ration from the spindle depends not upon their 
weight, but solely upon the angular velocity of rotation, and enables us to so disi)0se of the weight 
of the balls ss to satisfy other conditions. If we call T the time of the revolutions of the balls around 

2ir 4ir' 1 

the vertical spindle, we have Vj T = 2 » = 6*28, whence Vj = -s, » wid consequently -^ =aO* 

whence T = 2ir,^/ , which is double the duration of oscillations of a pendulum having for 

its height the height A O, at which the balls would be raised to the normal velocity. 

The above formula enables us to determine approximately the height A O at which the balls 
are raised with a given velocity, and thus to establish their mean position. It gives, in fact, 

AO = 1^ = 0-81517T». Thus for T = 1", AO = 081517 ft.; T = 2", AO = 3-2606 ft. 

In this calculation we have neglected the weight and the centrifugal force of the rods A B 
and A B'. 

The preceding remarks are not sufficient to ensure the action of the pendulum as a regulating 
apputitus, since it is a requisite that it should be able to move the lever D £ and the parts for the 
diutribution of the steam or water upon which this lever operates, or in otlier terms, it should be 
able to overcome the resistances experienced in the motion of the collar, when the balls are 
separated or brought nearer to each other. These resistances can be estimated or measured when 
the apparatus is constructed, and if we call 2 Q the vertical force applied to the collar in the 
direction of the vertical spindle, V, = (1 + n*) Vj another angular velocity, greater, for example, 
than the mean velocity Yj by a fraction n'of the latter. It is easily seen that the force 2 Q can be 
resolved into two other forces parallel and equal to Q, applied at each of the joints B and B', and 
that then we shall have for the equilibrium corresponding to these new conditions, at the instant 

of its being broken, the relation — Vj xOPxAO = PxOP+QxBO'. Calling a the dis- 
tance A B = A B' and 6 the length A P = A P' of the rods to the centre of the balls, we remark 

a TY*^ a 

that 6:a::0P:B0', whence B0'= y.OP, and consequently ^.AO=P + Q.^. Wo 

have previously foimd that the value of A O corresponding to the mean position of tho 

balls was AO = yr ; the above relation becomes, then, P-r^ = P + Qy, whence we derive 
P a V, ' a a * 

Q = 6 vr:^"v^ ^ 6~(2~»^+~0 ~ 2^'' ^ ^^^ as n** is very small compared with n\ 

We also see, then, from these considerations, due to M. Poncelet, that there exists a necessary 
relation between the ratio of the weight of the balls to the resistance and the degree of regulari^ 
of which the apparatus is susceptible. 

We see, al«), that for a degree of regularity desired or considered as necessary in the operation 
of the machine, the weight of the balls increases proportionally with tho resistance which the collar 
opposes or experiences. Then, for example, if we have the proportions a =. 0*666, and if we have 




A 
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22-05 lbs., the weight of each of the balls should be P = 11-03 x 16*5 = 181-99 lbs. This result 
shows that this apparatus cannot give a great degree of regularity to machines, without great 
dimensions and weights, if we would overcome, directly by the collar, considerable resistances. 

It is from a disregaid of these circumstances that many constructors have failed in the estab- 
lishment of this kind of regulators, made for the purpose of raising sluice-gates, or in fixtures 
for the distribution of steam. This serious inconvenience may be avoided ; and, with this simple 
and solid apparatus, we may obtain a proper regulation by arranging it in the manner which will 
be hereafter described. See Gtovebnobs. 

How to Estimate the Units of Work in a Rotating Body. — To take a simple case, let two balls, 
G and D, be connected by a rod, A D, and made to revolve round the centre, A ; suppose G to 
weigh 50 lbs. and D 20 lbs. ; the distance of G from A = 
12 ft., and that of D = 27 ft. It is required to find the ^ ^^^ 

imits of work in these balls when the point B, 1 ft. from '^ 
the centre of motion A, moves at the rate of 19*3 ft. 
a-second. \ \ 

The centre of gyration is also required — ^that is a point, \ \ \ \ 

G, in the rod where we may suppose the weight of the ^ -* — ^ 

two balls collected — so that the amount of work may 
remain the same as when the bodies were apart. 

Velocity of G = (19*3 x 12) feet a-second. 

Velocity of D = (19 3 x 27) feet a-second. / /^ / / 

,T .. , , . ^ (19*3 X 12)2 X 50 ^ / ' / 

Units of work in C = ^ ^,- = 41688. / / 

TT .^ , , . ^ (19'3 X 27)» X 20 ^,,,^ ^ 

Units of work in D = ^^ ^./ = 84418*2. 

644 

Total units of work = 126106*2. 

Let X be the distance, A G, then the work in the two 

balls collected at G = {^^^iJ2. - 126106*2. .-. x* = 311|, and x = 17*639ft. 

Now, if the two weights 20 + 50 = 70 lbs. be placed on the rod at the centre of gyration G, and 
move with a uniform velocity of (17*639 x 19*3) feet a-second, the amount of work in the bodies 
thus combined is the same as when posited at G and D. 

From this simple case it is evident that when the centre of gyration of a rotating body is known, 
the accumulated work in that body is rea<lily found. To find the centre of gyration in differently 
formed bodies requires the aid of a higher calculus, the introduction of which would be out of 
place in the present work. However, it is necessary to observe that the distance of this centre 
nom the axis of rotation in a circular wheel of uniform thickness is equal to the radius of the 
wheel X \^^; in a rod revolving about its extremity it is equal to the length_of the rod 
^ V -i, and when the rod revolves about its centre it is equal to the length X V^r I ^^d in a 
plane rim, like the rim of a fly-wheel, it is equal to the square root, of one-half the sum of the 
squares of the radii forming the ring. 

Question.— The weight of a fly-wheel = 8000 lbs., suppose the centre of gyration to be 10 ft. from 

the axis, the diameter of which = 14 inches ; the wheel makes 27 revolutions a-minute ; how many 

revolutions will it make before it stops, the friction of the axis being \ of the whole weight? 

20 X 3*1416 X 27 
Velocity of centre of gyration a-second = qq = 28*2744 ft. 

w V *i, VI (28*2744)»x8000 ^^.„ ^^ 
Work in the wheel = g^ = 99411 * 77. 

14 
Gircumference of the axis in feet = y^ X 3 * 1416 = 3 * 6652. / 

Work destroyed in x revolutions = 3*6652 xxx ~ = 5864*32 x. /. * = ^^'^ - 

16*952 revolutions. 

Question.^The weight of a fly-wheel is IJ ton, the distance of the centre of gyration from the 
axis = 8 ft., and the number of revolutions a-minute = 24 ; what number of strokes will this 
wheel give two forge-hammers, each weighing 250 lbs., each hammer having a lift of 3 ft., friction 
being neglected? 

(20*1)2 X 3360 

Velocity of the centre of gyration = 20 * 1 ft. a-second. Work in the wheel ^ g^ r = 

22984*6 

Work of * lifts of the hammers = 250x2x3xar= 1500 x. .*. 1500 x = 22984*6. /. * = 
15*3 lifts to each hammer. 

Question.— The diameter of a grindstone is 5*6 ft., and its weight = 386 lbs. ; the circumference 
is made to revolve with a velocity of 6 ft. a-second ; the circumference of the axis = 8 inches, the 
friction of it = 4- of the weight ; find the number of revolutions made by the stone when left to 
itself? 

The centre of gyration horn the axis of the grindstone = 2*8 VT* 

To find the velocity of the centre of gyration, a- : 6 : : 2*8 Vi : 6 Vf The square of 
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the stone = — ^^3^ — = 108. Let x be the number of revolotioQa, then 



18 X 386 

X ~ir- XJ;=theirork destiojediiixrGvolutiona. Bym^i Euailii^ ElanenU of Fraciical MecAanict, 
AimiAi. Charcoal, Hacmikeby for BEBrBHnia. 

ANIMAIXIHAECOAL MACHINE. Pa., Machine h purifier le noir animal ; Gkb.. Machine zur 
•eilwig dtr Thitrkohle ; ItaL., Macchina da cnriitjiK animate ; SPAN., MAqnina para parificar el car^nm 
nvit. 





Fig. 213 repreiientg n Trrint clevntiou of the ftppa- 

itU8. Fig. 214 iH a sectional (.-levatiou of Fig. 213. 

Fig. 21.1 is a bnck elevation, and fig. 216 in a 

K'tion at the beck of the apparatus. A is the brirk- 

setting of the horizontal retorts, B, and C, each of 

wliieh receives a circular reciprocHting motion of 

nearly oni: entire revolution on its lenptudinal axis. 

The upper retort, vhicb acts as a ibyine-chambur 

for preparing tlie chnmwl for the re-carbonization 

nhicli takes place in the lower retort, is contained in 

a Beparate brick-chamber of its own, which is Bituated 

iramedifttely above the roof of the furnace or flrepliice 

1 „ D, the beet from which, after circulating round the 

I lower retort, enters the upper chamber through open- 

I 1 ^)h. ^K^ '^1^ '<>' t'l'' purpose in the roof of the furaaee, 

I \ ^(jTj I I and then acta upon the upper retort before pae»ini( 

^ i^ V I . off to the chimney. E E are passages provided with 

dampers, and leading to the main flue, F, below. 

The two retorts are ptorided with a aeriei of iotemal flanges, a, a, at intervals of about 6 or 
8 inehes, Mid ledges are formed between the flanges for carrying up the charc««l at the retorts 
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ncipiccate. An opening ia amde tbroogh e«ch Stmge, and &U them openings *re dispoaed in a 

line Tith e«ch other. 

In order to csuae the charcoal to travel continnomly Bloog Ibe retorts daring the proccua 
of rD-CBjbonizing, ta Migled projection, somewhat after the form of a three-mdod pjruuid, b, is cant 





receiver C« Irrom IhiB receiver t paaseB tlirough the cooler wLnhci>UBi». 
& nuinbfr of long narrow paaeaKes T placed b de by aide and hanng intir 
vening air flpsces betwwn thtiu for tht more effcclusl cooling of the contents 
Dt the time the chnrcoal h&H tmvcraed these ooolcrs, it is Bufflcientt; cool to 
be exposed to the action of tho atmoaphere, and is discharged into a amnll 
truck or waRgoo, V. The vapours which are evolved during the rebuming of 
the ehntcoBl are carried off by the pipe V, provided with a throttle-valve, W, 
into the chamber X, communicsting with the chimney. The unplGauint 
consequences arising from the free escape of noxious effluvia are thua obviated. The entire 
arrangement is supported upon strong iron girders, Y, restine upon columna, Z, in the basement. 

Each apparatus of two cylinders over one furnace is capable, in ordinary working, of rehnming 
about 90 tons of animal charcoal a-wcek, with a consnmption of about 10 tons of coal, or at the 
rate of onlv 1 ton of fuel to 9 tons of charcoal. 

Animal charcoal is prepared by calcining bones. The bones are either placed in closed retorts, 
rimilar to those employed in the manufacture of gas Cor illuminating purposes, or, better still, in 
closed iron or eartbenwan; pots, piled one above another in kilns, somewhat similar to pottery-kilns. 
Each pot contains about 50 lbs. weight of bones ; and the time required for the complete cal- 
-j-.^ , _ _i r,- r .. . .-,. , "■■ -its, after they are withdrawn from 



cination of a charge is from fourteen to eighteen hours. The pots, ai 
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■iili»ni|u[<ntly cniahad by passing them thron^b rollers, which are grooved in order to prevent the 
fiirumtiim of dust of fine powder ; the charcoal bein^ required in a grsnulaled litate, ana free from 
ililiit, fur the purpoHea nf the sugar-refiner. After iieine uaed some little time in the elarifjiag of 
itiliiBr.thoohBrmallDaeB its docolourizins properties; ajid, in orderto reatore Ihem, itis Bobjecledtoa 
rBvlvifjing pmreaa, which consists in flrst thoroughly washing it, for the puriiose of removing the 
•aoeharino matter adhering to it, and then allowing it lo dry. When dry, il is placed in close 
vriuols, or retorts, and rccakined. On ccoling, it is found to hare almost entirely regained its former 
Tirtae. The immense conaumption of aTijmal chnnvwl in the purifying or decolourizing of sngar, 
about 70 tons of charcoal to 100 tons of sug&r, renders the process of reviviTying one of considembla 
oommercial importance. 

In France, the rebuming or rcTivifying of animal charcoal has long been curried on, but nntfl 
very recently in a crude and imperfect manner, compared with the mtTliiuiicsl appliances which 
have been for some years brought lo bear upon this branch of industry in this country. The 
Miangemont dosignt^ by Croapel-Delisse, of Arras, is shown in Fig. 217, which represents a traasveiBe 
vertical section of the furnace, taken through ,„ 

two of a series of twenty retorts, placed sido 
by side in pairs, and heated by one furnace. 
A is a bnck -setting, and B the furnace, 
above and on either aide of which are 
sjtangpd the inclined retorts. C C, set in the 
combustioD-chamber D. These retorts are 
of s rectangular section, and open at their 
Upper ends on to the plate E, upon which 
the animal charcoal is spread for the pur- 
pose of drying it before it is shovelled into 
the retorts. Near the bottom of each retort 
is fitted a sliding door, F, which is kept 
ahut whilst the rebuming is going on, and 
opened to empty the retorts. The charcoal, ' 
aa soon as tho diseha^ng-doors are opened, 
deseenda by its own gravity into closed re- ^ 
oeiverH, G, where it is kept from contact . 
with the atmosphere until sufficiently cool 
lo be packed. 

Eaich receiver is capable of containing one i 
enfflcientty cooled, the succeeding one wnich has been introduced 




dischs 



!"iB. e 



will be ready for 



d for the rebnniing of each fuU charge of tho ei . , , „ 

day and night, give on an average about one ton of animal charcoal in tbe twenty-fouf hours. 
The consumption of fuel is at the lutc of about one ton of coal for five tons of revivified «nimal 
charcoal. 

When crucibles or pots are used, the gas evolved through openings left for that purpose readily 
ignites, and so nssista in tho burning of the charcoal ; the result being a probable saving of fuel, 
as compared with the consumpticn when ordinary closed retorts, simitar to gaa-retorta, aro 
employed. 

The first improvement of any note in the applinnrps for rebuming animal charcoal wa« 
effecteii in I8tO by J. W. Bowman, who introduced revolving retorts in lieu of stationary apparatus, 
whereby the charcoal, by being constantly agitated and lum<d over during the proreus of rebuming, 
is more readdy and uniformly operated upon, thns effecting a saving of lx)th time and fuel. Fig. 218 
shows a longitudinal vertical section of Bowman's arrangement. A is a cylindrical horizontal 
retort, which revolves in bonrings fomicd in the two fixed end-plates B, rotatory motion being given 
to the retort by means of endless chains, C, passing luund Iwge grooved pulleys, D, on each wii of 
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the retort, and over TOrrcapondinc; pulleys, E, od nn ovetheed slian, F, driven b; steani or other 
power. Eaeh eitremity of the tBtort ' " ' ■■' ■ >-. .. ^ _. ._ . .i._l-.i.j_ 

BO fixed as to be readily rumoved, 
and vhen removed, Biupended by 
the chnin, H, which pneseB over 
overhead guidit-pulleya, and hea t, 
omnter-weight guapended thereto. 
I is a tube in the baoh-cover, 
through which an; vaponni driven 
off from the animal charcoal may 
pass away to a condenser. K u 
the fireplace or furnace for heating 
the retort : and to prevent it acting 
too violently on the retort, fire- 
bricks or liimpa, L, with openings 
in them, are interposed between 
the fire end the retort H M are 
dampers for reguJating the fire. 
Inside the retort aro fitted a num- 
ber of le<^eii. N, which, during the 
revolution of the cylinder caiue 
the animal charcoal to be dpflocted 
tonranhi the centre thereby efibc 
tiuUy burning and regulating the 
contents whilst subjected to the 
nctian of the Bre The Qames and 
products of coiubustioD have free 
play round the sides of the retort 
and as the latter is constantly 
revolvmg it becomes uniformly 
heated. In usmg this apparatus, 
a charge of animal charcoal is m 
troduced through tho front door 
which IS then closed and the retort 
set m motion til! the charge is 
properly rebumt, after which it a 
withdrawn and a fresh charge m 
troduced, the process being mter- 
nuttent 

The improvements in the coo- 
stmction and setting of revolving retorts for rebummg aninial charooal, introduced in 1 832 bj 
George Torr are shown in Fig 219 The sides and one end of the retort are contained witbin the 
combustion-cbainbet ; thus the end of the retort is heated by the flames which are allowed to play 
tDitnd it. 

Fig. 219 is a longitodiual vertical section of Torr's apparatus. Tho retort A is cylindrical, and 
revolves on a horizontal axis. That end of the retort situated inside the setting has a boas formed 
upon it, which passes out through the set- 
tiiig, and carries a large grooved pulley, B ; 
a corresponding pulley being fitted on to the 
front end of the retort. From these two 
pulleys, endless chains, C, pass over cnrre- 
Bponding pulleys, D, on the shaft, E, by 
means irf which a coutinnous rotatory raotion 
is transmitted to the retort. F is a pipe for 
carrying off the vapours, and G is a long 
plate fixed by arms, H, to the interior of the ' 
retort, for the purpose of turning over its 
contents. The addition of this plate alone 
makes a difference of nearly ten tons of 
charcoal in favoni of Torr's annngcment as 
compared with Bowman's. I is the com- 
biiBtii>n*chaniber, within which the retort 
revolves, and which is separated from the 
furnace, K, by the fire - clay lumps, L. 
UpeningB in the roof of the chamber afford 
a communication with the fine, M, leading 
to the chimney. The charging and emptying 
door is hinged to the retort at N. This 
process is abo intermittent, as Uie retort ia 
stopped whiLit being filled and emptied. 

In 1S56, James Bryiint obtained a petent for the use of retorts having 
aitcmating rotatory motion on their axes, in liou of a continuouB rotatory 
and Torr's ajmngements. Bryant's retorts were constructed and 
Torr's, with a epace between their inner ends and the setting for 
and gaaea from the furnace below. They were suspended at oni 





ranged in a similnr manner to 
e free circulation of the ilanio 
>r both cuds by cndleas chains 
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passing oyer pulleys on a drivingHahaft above, which shaft received an alternating or reciprocating 
rotatory motion by means of the ^* mangle wheel " or pinion arrangement, and consequently the 
retorts were made to reciprocate on their axes. The interior of each of the retorts was provided 
with ledges similar to Bowman's, for the purpose of turning over and deflecting the charcoal 
towards the centre of the cylinder. According to Br}'ant*s mode of setting, a number of retorts 
were ranged side by side, and their several actuating shafts were geared together, so as to work 
in concert, the first shaft of the series only being driven by the reversing arrangement. 

The first arrangement rendering the process of rebuming animal charcoal continuous was 
invented by Brinjes and Cbllins in 1858 ; tne retorts, according to their system, being continuously 
charged at one end and emptied at the opposite end by the aid of an Archimedian screw inside the 
retort. 

Fig. 220 represents a longitudinal vertical section of a portion of Brinjes and Collins' arrange- 
ment. The retort consists of a longitudinal cylinder. A, which does not revolve, but is set 
permanently in the brick- 
work, B, in such a manner 
as to leave a free space all 
round it for the circulation 
of the flames and gases from 
the furnace, G, beneath. 
Into one end of the retort 
opens the mouth of a feed- 
ing-hopper, B, whilst its 
opposite end opens direct 
into a chamber, E, which 
leads by the passage, F, into 
a number of narrow cooling- 
tubes, 6, in passing down 
which the charcoal is suffi- 
ciently cooled to be ready for 
packing. These tubes open 
at their lower extremities 
into a box, H, shown also 
in side - elevation detached, 
fitted with two slides, in the 
form of gratings, which slide 
over other gratmgs fixed inside the box. These slides are moved by the double lever, I, on the 
spindle, K, which spindle receives a rocking motion from a crank-pin, L, through the intervention 
of the rod, M, and lever-arm, N. The crank-pin is carried on the end of the shaft, O, of an 
Archimedian scretc, P, revolving slowly inside the retort A, in order to move the charcoal steadily 
along whilst being rebumt, and to discharge it into the chamber, E, and cooling-tubes, G. The 
screw derives its rotatory motion from a worm gearing into a worm-wheel, Q, on the screw-shaft ; 
this shaft, which carries the worm, being driven by a belt and pulley. It will thus be seen that 
the apparatus is self-discharging; for at eveir revolution of the crank, L, the slides in the dis- 
charging-box will be alternately opened and closed, so as to allow a smidl quantity of the charcoal 
to fall through the lower grating into a receptacle. A pipe is connected with the chamber, E, 
for carrying off the vapours and gases evolved from the charcoal inside the retort, and conveying 
them to a condensing-worm or other oon- 
densing-apparatus. 

The idea of a continuous process of 
charging and emptying the retorts, first 
carried out by Brinjes and Collins, was sub- 
sequently followed up by Drummond, of 
Montreal, and a patent was obtained in this 
country for his arrangement, in the name of 
James Paterson, in the year 1862. 

Drummond's plan. Fig. 221, consisted in 
placing two or more inclined revolving or 
reciprocating retorts at reverse angles one 
above another, so that the charcoal descends 
by its own gravity from the upper to the 
lower retort of the series. The figure re- 
presents a longitudinal vertical section of 
this arrangement. A and B are two cylin- 
drical retorts, inclined in reverse directions, 
and placed one above the other. The flame 
from the furnace, C, has free play round the 
sides of both retorts, which are caused either 
to revolve continuously, or to have an alter- 
nating motion on their axes, by means of a 
worm, O, gearing simultaneously into two 
worm-wheels, E, fitted on to the end of the 
upper and lower retort respectively. The upper retort, A^ is supplied with charcoal by the feeding- 
hopper, F, and as it revolves, its contents caused to descend gradually along the interior, until it 
reaches the lower end, where it is lifted up by a series of vanes, G, attached to the end-cover of the 
retort, and by them discharged into a pipe, H, leading to the higher end of the retort below. After 
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tnveniiig the teeond retort, tlie cbucocJ ie again lifted up by & set of rerolving Vkoes, G, Bsd 
duchaiged into the pipe, I, vhicb cooducts it to the cloaed icsHel or receiver, J, where it remaioB 
until cool enough io be packed. By employing two or more retort* in connection with each other, 
and BO arranging them that the last, or that in which the operation ii completed, shall receive tha 
gieateat hetX, wtukt the first of the aeries, or that into which tbe charccnl is Sret supplied, receives 
the least amount of heat, a considerable savinc; of fuel is effected, as the otherwise waste heat, after 
having acted upon the lower retort, serves to heat the upper one. and thereby to ^n^ually prepare 
the charcoal for the greater heat of tbe finishing retort. K is the upper suifnce or top plate 
of the AiVn upon which the charcoal may be dried and then shovelled into the feeding-hopper, tbe 
plate being slightly inclined to facilitate this opemtion. Drummond, it appeera, was the fint to 
propoee tbe use of two or more retorts placed one above anolher. 

In 1862, Torr obtained another patent for apperatiu for manufacturing and reboraing animal 
charcoal, whereby the process ia carried on continuously, instead of intermittently, as in his first 
arrangement. 

Fig. 222 is a longitudinal vertical section of this subsequent arrangement. A ii a T«voIviDg 

retor^ placed horizontally, and provided with " - .. ...-. .t . ._ 

the interior of this cylinder, 
termed the " main oylinder," 
there is placed another and 
■mailer cylinder, C, the axis of 
which coincides with the axis of 
the main cylinder, a space of about 
1 inch being left between the ex- 
terior of tho innor cylinder «id 
the threads of the screw, B. This 
iimer cylinder ia open at both 
ends, and extends to within 6 or 
8 inches of the bach end of the 




2 feet beyond the 

is secured to the outer cylinder, 

and revolves with it. 

An Arc^imedian tcnu is also 
formed inside tha inner cylinder, 
but in the reverse direction to 
that of the main cylinder ; and its 
pilch and depth must be in ac- 
cordauoe with tha different dia- 
meters and pitch of the outer 
ecrew, so that the crushed bones 
or charcoal will travel with the 
same velocity and in a contianous 

stream throi^h each cylinder. At the front end of the inner cylinder there ia a stationa^ hopper, 
D, for supplying the bones or charcoal : and to the front ends of the cylinders, A and C, is secured 
a reTolvinc coohng-box, E, consisting of a double drum of sheet iron, the inner drom having about 
the same diameter as tiie interior of the main cylinder. Tbe outer side or face of this drum is 
dosed : but tbe inner side, next to the main cylinder, is left open in the centre to receive the 
contents of the cylinder. A, after being operated upon. A slide is placed between the inner and 
' outer drum, for tbe purpose of dischar^^g tho contents from the iuncr into the outer drum, where 
tbey are kept from contact with the atmosphere till sufficiently cooled to be discharged from the 
outer drum, by opening another sliding door. In order to economize fuel, the waste heat from the 
furnace, F, after passing round the outer or main cylinder, A, and before passing to the chimney, 
enters a brick chamber in which there is a revolving cylinder, G, by piefeience of the wme 
diameter as the inner cylinder, C, and provided with Ein internal Arch^median icrnr- attached to or 
cast on its inner surface. The crushed bones or charco»l are fed into the upper cylinder from the 
stationary hopper, H ; and, after traversing the length of the cylinder, are discharged down the 
shoot and hopper, D, which direct them into the irmer cylinder, C. After tiBversing this cylinder 
in one direction, the charcoal is discharged at the iimor end of the cylinder into the main or 
outer cylinder, luid returns in the contrary direction, being finally discharged into the revolving 
ooolii:g-box. 

In 1861, J. F. Brinjea contrived an arrangement of horiamtal cylindrical retorts, having a 
cinnUar reciprocating, iDstead of a ctintinuoue rotatory, motion on their axes. Fig. 22!) represents 
a sectional elevation of this arrangement. A and B are the upper and lower retorts ; the upper 
one receiving a circular reciprocating motion direct from a mangle wheel and pinion, or otbcr con- 
venient contrivance ; and the lower one deriving a similar motion from tbe upper ooe by means of an 
endless chain passing over the end of the upper retort, and under the end of the lower one, 
mitable teeth or projections being furnished for taking into the links of tbe chain. These retorts 
are contained in separate chambers above the furnace or fireplace, C, openings being made in 
the roof of the lower chamber mmmunicating with the upper one, so lliat a free cLnjulation of 
the heat from the furnace is allowed to take place aiDund ooth retorts before it eetnpee by the 
passages, D D, leading to the flue, E, and chinmey. In the interior of each retort a number 
of internal flanges are fixed at regular intervals, and an opening is made in each flange of tlie 
series, such openings being in a line with eikob other, from end to end of the retorts — the arrange- 
ment BO far being the same as that shown in Fig. 22S. Along this line of openings a lockuig 
cranked shaft passeii, which carries a number of inclined vanes or pbtea, a, one in each of tbe 
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intervBla between the Q&cges. Aa the ejlind* 
with their vauea, turn over, partly by their 
vanes ; and coniieqiicQtlf the char' 
coal, as it falls down the rising 
Bide of the Fetort. will oome ■□ 
oontact with the vanea, and by 
that meaUB be deflected into the 
adjoining interval. When the re- 
tort teTersea its motion, the 
turn over to the oppoaito angle, 
and the charcoal 'm again directed 
by the inclined surfncos into the 
neit one of the intorvabi between 
the flanges, and no on till it baa 
travelled from end to end of the 
retort. L IB a transverHe section 
of one of the retorts, allowing the 
diiferent poailions of their vanes //'/-r-Ok^ 
or deflectors. The charcoal U iPf ifsi 
dtBcharged from the end of the * V?°f> S 
upper retort into a pipe, F, which ^S*!^^ 
conducts it into the eud of the 
lower retort, through which it 
travels as above described, and is 
finally discharged into a double 
revolving cooliug-boi, G, which is 
kept cool by ■ water-jacket. The 
feeding-hopper ia shown at H. It opens oat to a floor or platform above the retorts, whereby tho 
charooal can be rtadily sbovelled into it, and is provided with a sliding door for regulatinj; the feed. 
I is a pipe communicating with the connerling-pipc, F, of the retorts, for the purpose of carrying 
off the vapour and effluvia evolved from the charooal and conveying it into the chamber, K, lending 
to the chimney, a tbrottle-valve in this pipe serving to regulate the dtaught to the extent required. 

ANNEALING-FUHNACE. Fb., fUmcati i ryTcaire ; Geb., SuUofen, Aumcdnntofen ; ItaU, 
Jbrwj da ricuocire ; SPAN., Vfomo para templar cUirio. 

SeeFuBSACBS. 

ANNULAB PISTON. Fa., Ptrfon annujai'ra ; Gbb., Ringfermiger Edtbm ; Ital., ShaUtiffo 
amulare ; Span., Embolo anubr. 

Se e D gTAiLg OF B^jqines. FrMPS. 

ANTI-COEBOSION. Fe., Anti-corroiim ; On, Gega^■Aetlung ; Ital, Antlcorronm ; Bpak., 
Anli-corrotim. 

ANTI-FHICTION METAL. Fa., M^ua jxmr diminuer h frettanml; Geb., ReSmng tmrmin- 
dn-unflj HHal ; Ital., Lefin di antifrtgnmento ; Span., Mehil parti iliamiaiiir el roMmienta. 

Babbet's metal is usually termed Aali-frictim metnl ; it is compoaed of 50 parts tin, 5 antimony, 
and 1 copper. See Alloys. An alloy of tin and pewter is orteu used as an anti-friction metal for 
the bearings of engines. 

Fenton'a anti-friction metal is a mixture of tin. oopper, and zinc; it ia tighter than gnu-metal, 
and of a snnpy ebaroctcr, sn that less oil or grease is required with it than with gun-metnl. 

The anti-friction metal in use on some of the Belgian railwaya is, in places exposed to much 
friction, cnmpow^d of 20 parts copper, 4 tin, 05 antimony, 0''Jf) lead; and for porta subjectnl to 
great concussiona, 20 copper, G zinc, 1 tin; for surfacea exposed to beat, 17 copper, 1 zinc, 0'5 tin, 
0'25 lead. Mix the last-mentioned ingredients, and then add the copper. 

For the bearings of ailes and journals, a compound grease is often employed, and termed anti- 
friction greaac. P. 8. Develin oil, which is composed of hog's-Iard and gutto-percha, when mixed 
with black-lead is termed nnti-A'iction oil, and frequently u^ in the United States. 

At Munich a mmposition is uktiI consisting of 10-5 parts hc^VIard, melted with 2 of flncly- 
powdered and sifted black-lead. The first of these ingn^ients is gently melted, and when liquid 
the black-lead is gradually added, the whole being stirred until the ingredients are thoniughlj 
iuoorpomtcd, and until the mixture is quite cool. 

ANTIMONY. Fb., Anti,noint ; Geb., Antirnoaiam, Spics!,jl.mt ; Ital., Aatlmonio ; Sp,, Anli^nonio. 

The properties of nnUnrmn are in many respectn distingnislied from those of other metals. 
particularly in its tendency to cryAtnllize. When antimony is melted in a pot and suBcred to cool 
on its surface, and the fluid part then cast off, a mass of beautiful cryatals remajna in the pot. 
Antimony is very brittle. It may be pulverized in a mortar. It is silver-white, and with a 
brilliant lustre. It fuses at about 800^, or at a dull red lieat, and volatile at white beat. Ita 
apcciflc gravity is 6*7. The metal in ita pure condition is not in use. but alloyed with other metals 
li much employed. The only useful oie of antimony ia its sulphutet ; no other kind is obtained in 
■nfficient quantity to be smelted. 

Tho snlphuret of antimony occurs in masses, coniiiating of crystalline needles, which are clowlv 
united. It ia of metallic Instre. of a grey colour, and forms a grey powder. When gently healed. 
It turns black, or is iridescent. It is extremely fusible, and melts in the flame of a candle with the 
exhfltiition of a sulphureous Hiiiell. After being heated, the powder is very bUck. This ore 
consists of 72-gG metal and 27' 14 sulphur. Its spcciQc gravity la 4-l to 4-6. Sulphuret of anti- 
mony occurs in and near the veins of sparry iron-ore, with heavy spar, blende, galena, quart*, and 
other minerals. Host of the metal in market is obtained ^om Germany. 
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ABoyi. — All the Bntimany metal of commerce mnj be cotundered an alio;. It Is never pore, bnt 
contaiiie irnn in all inat&nrea. Antimony and tin, melted together in equal parts, fonn a moderately 
bud, brittle, bnt ver; brilliant alio;, iihich ia not eooa tKrnitihpd, and is frequently employed tor 
amall speculuniB in tpleaoopea. Of all the uetala, ontimotiy i»uibineB moat readily witb patassitun 
or sodium. The«e alloys ore obtained b; amelting tbe earboDneeoua compounds of these metala, or 
their oxides miied with carbon. The presence of other metaJa, Bucb oa copper or silver, doeii not 
diminish the affinity of these metnls for antimoiiy. The alloy thus formed of the alkaline metals 
and antimony is not easily evaporated by a stronj; heat. Arsenic and notimoDy combine in all 
proportiona, and form, unexpectedly, a teiiacioas alloy, which is very fusible, compact, and often of 
B f^ranular texture. It has );een remarked, in speaking of the alloys of iron, that (Ilia metal alloyed 
witb iron causeii the compound to be extremely hard. Eighty pajis of lend and ^0 of antimony 
form typo-raet&l : to thin commonly 5 or 6 parts of bismuth are added. Tin 80 parts, antimony 20, 
is masic-metnl : it is atao composed of f>2 ' 8 tin, S antimony, Sti copper, and 3 ' 2 iron. Pl&te-pewter 
sJao contains from 5 to 7 per ceut. of antimony ; 89 tin, 7 antimony, 2 copper. 2 iron, is one of theae 
compositions. Britauuia-metal contains frequently an equal amount of antimony. Queen's-metal 
is 73 tin, 8 antimony, 8 bismuth, and i) lead. 

Usa of jinfinumy.— Besides its employment in medicine, it is much used for forming bUoj^b; of 
them, type-metal and anti-friction metal— which is type-metal with the addition of copper — are 
those tnnat osod. Crude antimony is employed for punfyin^ gold. 

Jfanu/offure.— The smeltinj- of this metal ia very simple. Jt is easily revived from its ore, 
which, however, ia attended with a heavy loss of metal. The cnido ore is picked by hand : the 
pieces are broken to tlie siie of an egg; and, by means of a hand-hammer, tlio gangue, such as 
quftrtz, barytas, or carbonate of lime, ia removed. These pieces may be heated in an earthenware 
pot, in the bottom of which tliere is a small aperture. The sulpliuret of this metal, melting at a 
very low heat, will flow out from the gangue, and may be gathered in another pot set below. The 
operation used to be performed in this manner ; but. as it is expensive, the ore is at present melted in 
a reverberatory furnace, similar to that shown in Fig. 22-1, the hearth of which ia very concave, and 
formed of sand. In the centre of the 
hearth, at its deepest part, there ia a 
lap-hole which communicatea wilh one 
of the long sides of the furnace. The 
ore, on being sorted, is spread over the 
hearth of the furnace, and is there 
melted. The tap-hole is stopped by 
dense coal-dust while the niduction is 
going on. About throe-hnndredweight 
of ore is chatted at once, mixed with 
iron-ore or hammer-slag, and heated, 
with an occasional stirring. Eight or 
ten hoars are sufficient to finish one 
faeat, after which the metal is tapped, 
the scoria removed, and the furnace charged anew. 

The metal thus obtained is not pure. It contains iron, lulphnr, arsenic, lead, and copper; 
from moat of these admixturca it may be freed to n certain extent, hut not entirely. This mctul is 
refined by remellinR it in crucibles, arranged on the hearth of a reverboratoiT furnace similar to 
the one shown in Fig. 225. The pots coutam about 30 lbs. of metal, which is covered with coal- 
dust. These ore exp^ed to a low, 
uniform heat for some hours Host 
of the metals are thus ox d zed and 
ma; be removed after emptying the 
crucibles. 

The ameltmg openit on is n 
•omo instances dvded nto tno 
manipulat ons the one or first i8 
a process of 1 qnefact on m wh ch 
the crude antimony s melted n 
vertical p pes and thus separated 
from the gangue wh cb rema ns n 
the retort while the former filtrates 
through the pLrfomted bi ttom 

In this operat on much of t) e 
antimony is lost A part of t 
adheres to the gaogoe which in pool amounts to 25 per cent and s never less than 10 per cent. 
Fart of the crude antimony also vohitil zes, wh oh ncreases the losa Th s 1 >88 is therefore, an 
important object where the ore is expensive . and it may he m most cases tlic best plan to stamp 
■nd wash it while crude, free from the rock; matter, and then subject it to reduction by direct 
■melting. The specific gravity of tlie ore is sufficiently great to remove the most of the gnnguc. 
Metallic sulphiiretsof other metals than antimony, of course, remain with it. The crude antimony, 
or the concentrated ore^and, ia smett«d with metallic iron, or iron-ore ; and since it is difflcidt to 
odd just aa much iron as is required to absorb ell the sulphur, and as too much imparts iron to the 
metal, the practice ia to odd either carbonate or snlphato of potash, or soda, and also fine charcoal- 
powder, to the ore. Oneport of metaltioiron to2 or ^'5 parts of crude antimony, ought to absorb all 
the anlphur ; but when no other flux is present, about 20 per cent, of antimony remains in the slags. 
B; osiiig 42 parts of iron to 100 of crude antimony, with 50 carlmnate of soda and 6 charcoal, nearly 
the whole of the antimony is revived. Instead of metallic iron, any kind of pure iron-ore ma; b« 
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employed with more charcoal ; but its metallic contents should come near the above-named 
quantity. 

In refining the crude metal of antimony in crucibles, it is advantageous to soak the charcoal- 
powder with which the metal is covered, in a strong solution of carix>nate of soda. When the 
metal is not sufficiently pure after the first refining, the operation is repeated. In all the operations 
with antimony, a high heat must be avoided, for the metal as well as the sulphuret is very volatile. 

A fusible slag increases the yield of the ore. 

ANVIL. Fb., Enclume ; Geb., An^t>oss ; Ital., Tuendine ; Span., Tunque^ Bigomia, 

An anvil is an iron block; usually with a steel face, upon which metals are hammered and 
shaped. The ordinary smith's anvil, Figs. 226, 227, is one solid mass of metal,— iron in different 
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states ; C is the core or body ; B, B, B, four comers for enlarging the base ; D, Fig. 227, the pro- 
jecting end ; it contains one or two holes for the reception of set chisels in cutting pieces of iron, or 
for the reception of a shaper, as shown at E, Fig. 226. In punching flat pieces of metal, in form- 
ing the heads of nails or bolts, and in numerous other cases, these holes a, a, of ordinary anvils, 
are not only useful but indispensable. A is the beak-horn, which is used for turning pieces of 
iron into a circular or curv^ form, welding hoops, and for other similar operations. In the 
smithery, the anvil is generally seated on the root-end of a beech or oak tree; the anvil and 
wooden block must be firmly connected, to render the blows of the hammer eflfeotive ; and if the 
block be not firmly connected to the earth, the blows of the hanmier will not tell. The best anvils, 
anvil-stakes, and planishing-hammers, are faced with double shear-steel. The steel-facings are 
shaped and laid on the core at a welding heat, and the anvil completed by being reheated and 
hammered. When the steel-facing is first applied, it is less heated than the core. But the proper 
hardening of the face of the anvil requires great skill ; the face must be raised to a full red-heat, 
and placed under a descending colimin of water, so that the surface of the face may continue in 
contact with the successive supply of the quenching fluid, which at the face retains the same 
temperature, as it is rapidly supplied. The rapidity of the flow of water may be increased by 
giving a sufficient height to its descending column ; it is important that the cooling stream should 
fall perpendicularly to the face which is being hardened. Heat may escape parallel to the face, 
but not in the direction of the falling water. The operator, during this hardening process, is 
protected from spray and smoke by a suitable cover; and by confining the falling water to a 
tube which must contain the required volume. When an anvil is to be used for planishing metals, 
it is polished with emery and crocus powders. The skilful manner in which Henry Walker, of 
Red Lion Street, Clerkenwell, combines and carries out these apparently simple operations, in 
making anvils and, planishing-hammers for silversmiths and metal-workers, gives him the reputa- 
tion he so well deserves ; — to describe a process is one thing, but the execution requires practice as 
well as skill. See Fcllebs. Shapebs. Steam-hammeb. Upsbttinq-block. 

APERTURE. Fb., Ouverture ; Geb., Offnurig ; Ital., Apertura ; Span., Ahertura, 

In building, the term aperture is usually applied to doorways, windows, and other openings 
through the walls ; the sides of a rectangular aperture are named "'jambs ; '* the upper part, the 
" head ; " and the bottom part, the " »»//." 

APPROACHES. Fb., Approches ; Geb., Zugang, Laufgraben ; Ital., Approcci ; Span., Aproches, 
Ataqties. 

Works thrown up by besiegers, to protect them in their advances towards a fortress, are termed 
approaches. See Fobtifigation. This term is also applied to those parts of a road which are 
raised to suit the level of a bridge over a railway or canal. 

APRON, IN SHIPBUILDING. Fb., Eperon, Contre strove; Geb., Binnenwrsteven, Ueberlauf ; 
Span., Albitana de proa^ 6 contraestrabe. 

The apron, also termed stomach-piece, is a strengthening compass-timber, which is bolted 
behind the lower part of the stem, ana immediately above the foremost end of the keel. 

APRON. Fb., Badier ; Geb., Platform, Schleussen bett ; Span., Zampeado. 

In engineering structures an apron is a platform of wood, stone, or brick, placed at the base of 
the structure, to protect it from abrasion or heavy shocks. The platform which receives the water 
falling through the sluices of a lock-gate or embankment is called an apron ; the planking or 
platform placed at the toe of a sea-wall, to protect its base from the scour occasioned by the 
returning wave, is also termed an apron. 

An apron in carpentry is the horizontal piece of timber which takes the carriage-piece, or rough 
string, of a staircase ; and also the ends of the joists which form the half -space or landings. It 
should be firmly wedged at both ends into the wall. 

In plumbers* work, the apron is the lead sheeting or flashing dressed on to the alatee in front 
of dormer-windows or skylights. 
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APBOK-UtNING. Fb., Omfrv-^Iraw; Geb., Binnenvorsteven ; Ital., Fascia; Span., Travesera 
para aostener loa largueros de una escaJera, 

Apron4\ning^ as this term implies, is a lining placed outside the apron. It is applied by the 
joiner to the piece of wrought boarding which covers the rough apron-piece of the staircase. 

APRON-PIECE. Fr,, Qmtre-^rave ; 



228. 



Jl 



SSZ2: 



ii^j: 



dm 



boTcn A.P. 



RIJKS 

PEILSCHAAL. 
boven A.P. 



Ger., B%nn€nvor8t€f>en, 

See Apbon in Buildino. 

A. P. Fb., Niveau d* Amsterdam ; Geb., 
Amsterdoanmer Pegel, 

The letters A. P. are the initial letters 
of two Dutch words, Amsterdamsch Peil, 
meaning Amsterdam Level, and indicate 
the Datum Line, or mean level, from which 
all surveys are made in Holland, Belgium, 
and in the Northern parts of Germany. 

The A. P. is an imaginary plane, drawn through the average high- 
water mark of the North and Zuiderzeen Seas on the Dutch coasts, and 
derives its name from the circumstance of its having been adopted at 
Amsterdam from the year 1670. 

It was carefully revised during the present century, under the direction 
of the Dutch Government ; and in consequence of this careful revision, is 
the most accurately fixed sea-level. 

* Figs. 228, 229, show the marks which are placed in various parts 
of Holland, to indicate the height above or below A. P. See Datum 

LiNS. 

AQUEDUCT. Fb., Aqueduc; Gxb., Wasserkitung ; Ital., Acquedotto; 
Spak., Acueducto. 

A conductor, conduit, or artificial channel for conveying water, is termed 
an aqueduct. 

lAe Aqueduct of the Loch Katrine Waterworks. — The description of this 
aqueduct is taken from a paper by James M. Gale, published in the ^ Pro- 
ceedings of the Institution of Mechanical Engineers, 1864.' The length of 
this aqueduct is about 34 miles. The built and tunnelled part of the aque> 
duct is 22 miles long, and 8 ft. high by 8 ft. broad ; sections of it are shown in 
Figs. 2d0, 231, 232. It has an inclination of 1 in 6336, as shown in longi- 

^dinal section, Fig. 233, and is capable of passing fifty million cubic gallons ar<Lay. The valleys 
<n Duchray, Endrick, and Blane, e/ A, Fig. 233, which are crossed by the line of aqueduct, and 
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prevent & uniform inclination being obtained throughout, make up an aggregate length of 3f miles, 
*n« ax^ passed by cast-iron siphon-pipes 48 inches in diameter, with a mean fall of 1 in 1000 
D«*iroen their extremities. These pipes deliver about twenty million gallons a-day, and provision 
^^ ^iia^^e for laying two additional lines of pipes, at bridges and other places where masonry was 
J2^ V»e<i^ in order to increase the supply of water to the city when necessary. The first work upon 
^^^^G of aqueduct, upon leaving Loch Katrine, is a tunnel through the ridge which separates the 
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tift^ry 



Meference, — a, River Clyde. 6, Glasgow, c, Magdock Reservoir and 
StrainiDg - well, (f, Mugdock Tunnel, e, Blone Valley. /, Endrick 
Valley. </, Dmmmore I'iiimel. A, Duchray Valley, t, Loch Katrine 
Tunnel. \ Loch Katrine. 



1 .- Of Loch Katrine from that of Loch Aid. The length of the tunnel is upwards of 1 • 25 mile, 

^ ^ ^ ^t a depth of more than 500 feet below the top of the hill. Twelve shafts were sunk on the 

^ vu? ^^nnel, to facilitate the work, five of them being about 450 feet deep. The rock passed through 

ttjj^ tunnel* and by the greater part of the first ten miles of the aqueduct, which is principally 

V!|^*^®B of tunnels, is mica slate, of the hardest description. Along the margin of Loch Chon, the 

^^^ ^t some of the faces did not progress more than three lineal yards in a month, although it was 

I 



c&rried on oieht and day. The minor mviiiei in the first ten milm of llie aqnednet trs croned by 
aquedact-bridges of iron. BemJeB a ntunbec ot gmallCT ones, there nre'flve eiteriBiye Kquedort- 
bridgea of IhU kind, one of vhich, near Culgarton, U ebown in Figs. 2^, 2:U, -iSli. It ooatiiHta oF a 




wTonght-iron tnhe T, S ft. broad, and 6'5 ft. high inside, extending orer the greater part of the 
ravineB, snpported at intervala of 50 ft. by stone piers ; and a caat-iron timigb, J, also 6 ft. broad, 
and 6'5 ft. high, supported on a dry etooc-nibble embankment at either end of the wrought- 
iron tube I, eilending over tlio remaining part of the valleyB, where the ground is not 
maeh depressed. The bottom and sides of tbe wrought-iron tnbo I are J in. tbich, and tlie top 
-j\, in. thick, the whole being strengthened by angle and T iron. The plates of the cast-iron trough 
are f'in. thich, the dimeDsions ot the largest being 45 ft, by 4 ft. : and they are connected and 
strengthened by flanges, with mst-joints. The level of the tabo I ia about 3 (i. lower than that of 
the cast-iron trough J J at oich end, so as to ensore the tube being always completely fllled with 
water, in order that the top of the tube maybe kept at the same temperature as the sides, and that 
the tube nay not be racked by the slrain which would arise from the top plates becoming heated by 
the sun, if the water were not in contact with them. That tbe tube niay be emptied at any time, for 




■ting or other purposes, a discharge-valve, K, Figs. 236, 238, is ptOTided at one end of the tube, 

>y which the water can be run off iolo the valley beneath. The jnnclion between the wroi;ght- 

— tube and the caat-iron trough is shown in Figs. 238, 239, and in detail in Figs. 240, 241. It 

ade by bolting tbe cast-iron trough lo a cast-iron bed-plate, L, Figs. 237, 238, and to upright 










cast-iron standards, HU, Figa, 239, 240, at each side. The wrongfat-iion tube reets upon e bolster 
of vulcanized india-rubber, placed in a groove in the bed-plate L, and projecting sulSc^iently above 
the surface of the plate to allow for the requisite oompresaion on the india-rubber for making a 
water-tight joint by tbe weight of the Inbe bearing on it, without allowing the tube to come down 
to a bearing upon the bed-plate L itself. A similar india-rubber bolster is carried up each side of 
tbe tube, and compreaaed against it by oak wedges, the bolster and wedges being contained in a 
rp">»B in the upright standards M M, aa abowo in Figs. 239, 241. This arrangement leaves the 



VTODght-imn tnbe free to wntr&ct and eipuid longitndiiuUly under ehftnge of tempemtOK, without 
riak of lesksge. The beada nt all the riveta are counteraimk for a Bhort distance on each Bide of 
the bearing parts of (he labe. The indis-nibber bolsters are, both at tbe bottom and sides of the 
tnbe, 2 in. in diameter. They are in separate pieces ; the bolster nnder the bottom extending 




from the wedge-boi H on one side, to the back of the wedge-box on the opposite side. Tbe joints 
of the bolsters at the bottom comers are made by butting the bottom ends of the Tertical bolfltew 
uponthetopof thettansTerBB bottom bolster, the bottom ends of the vertical bolatent being slightly 
rounded out to El the curvature of the bottom bokter. The side wedges are driven down tight on 




the ends of the bottom bolster. There are three oak wedgea in each wedge-box, M, Fig. 211, with 
an oak feather, or ton^e, let in to break tbe joints between the wei^es, and to guide the centre 
wedge while being driven down. A flat strip of india-rubber, 1, is placed between the back of the 
wedge-box and the outermost wedge. The wedges were carefully fitted before the feather-groovee 




were luade, and were put in with thick wet paint in the joints ; 
down to tighten up the india-rubber bolster i^inst the side of thi 
of the weagea in the staudanis M were filled with oakum and white-lead. Tbe above 
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□f the iron tijacdnrt-bridgeB wu the most applicable in the Srat portioD of the aqueduct, m 

DO good building-atono coiild be obtained within rraeonable distance, and the roods veie badly 
■uited for the carringc of matcriala. From the eleventh mile to the leseTvoii at Mngdock, ho«- 
efer, good building-Htone was abundant, and all the aquednct-hridges in that district are therefore 
of stoDe. One of these is shown ioFig. 212, in elevation, and longitudinal section in plan. Fig. 243; 
and Figa. 244, 245, show tmnsTerae sections of the same. There are, in all, twentj-flve important 




1 1 , . .1 , . I if 




iron and stone bridges, some of them of considerable magnitude ; and about eighty distinct ttmnela, 
varying in len|:^b from 1} mile dcwnwarda, and forming a total length of thirteen miles. Where the 
aqueduct wan formed in open cutting, the gnimid was filled in end the surface restored, as shocti 
in Fig. S32. At the cast-iron troughs of the iron aqueduct-bridges, and at the other bridges, the 
waterway is covered with planking, as shown in the sections of the Blairgar aqueduct-bridge, Fige. 
244, 245, to prevent anow from choking the aqueduct. Grooves to rereive atop-planka are cut 
in the masonry of the aqneduct at intervals, and most of the bridges are provided with overflow 
and diBCharRe sluices. The latter are similar in construction to the outlet sluices of the locks, but 
of BUmllcr dimensions. The three valleya of the Duchray, Endrich, and BUne, which are of great 
width and depth, the second being more than three miles wide, ore passed by means of the 4X in. 
cast-iron siphon-pipes, carried down one side of the valle}' to the bottom, and up the opposite side. 
These pipes have the ordioary spigot and socket joints ; a section of which is shown in Fig. 246, the 
joint being made with lead, N, and yam, O. Some depressions on the lino of these sipboD-pipes 
are crossed bjQaaged pipes, supportM upon stone piers, 18 ft. apart, as sliown in Fig. 247, the joint 
being made by a ring of vulmnized india-rubber, P, as shown in section Fig. 218. In the Endrick 
valley, two public roads, and the Forth and Clyde Railway, are crossed by these flanged pipes; and 
to support the pipes over these greater spans, cast-iron brackets are put in, abutting on the stone 
piers, which are thickened to receive them. The pipes are further strengthened at these places by 
projecting webs cast on them, as shown by the enlarged traoBverse section of the pipe, Fig. 237. It 
was found that the expansion and contraction of theue lon;> lengths of flange-Jointed pipes under 
changes of temperature injuriously affected the socket and spigot Icnd-jointa at each end ; and to 
obviate this, a felt covering, about } in. thick, was laid on all round the pipes, and protected from 
the weather by a tarpaulin cover, laced tightly over the whole. Tliis has the eOect of almost 
entirely obviating the inconvenience that arose from the eipansion and contraction. 

The service reservoir at Mugdock, Fig. 233, bas a water-surface of 60 acres, and is 50 feet 
deep, tlie top water-level being 312 feet above the level of the sea. It contains 518,000.000 gallonB 
when full, equal to a supply for twenty-nine days at the present rate of consumption ; and thus 
•dmits of rcpaiis being made upon the line of aqueduct without interrupting the supply to tbe 
city. The reservoir is entirely artiflcial, bcingformed by two eatthcm embenknientB, 100 yards and 
210 yards long respectively. The water is first received from the aqueduct into a basin at the 
upper end of the reservoir, from which it flows over four cast-iron gauge-plates. 10 feet long each, 
brought to a thin edge, into an upper pool or compartment of the reservoir having an area of about 
£ acres. The depth of water passing over the gauge-plates is regularly gauged, the delivery irom 
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of the iron kquednct-bridgea wu the most applionble in the first portion of the ftqnednct, u 
no good building-stone couid be obtained within reasonable distance, and the loada were btiij 
suited for the cftrrisge of mftterinls. From the eleventh mile to tlie reservoir at Mn^ocli, how- 
ever, good building-atone was abundsint, and nil the Bqueduct-bridges in that diHtrict are therefore 
of stone. One of these is shown in Fig. 242, in eleration, and longitudinal section in plan, Fig. 343 ; — - 
and FigB. 244, 245, show transverao aections of the same. There are, in all, twentj-Sve impartsnl — 





iron and stone bridges, some of them of eoiuddeiable magnitude : and about eighty distinct lIIIU1e]^ ^,,..-> 

varying in length from IJ mile doHuwaids, and forming a total lengtliof tbirtiien miles. VVIiere the 

aqueduct was formed in open cutting, the ground was filled in and the surface restored, m shown 

in Fig. 232. At the mst-iron troughs of the iron aqueduct-bridges, and at the other bridges, the ^r -• 

waterway is covered w'th planking as shown in the sect' oils of the Blairgar aqueduct-bridge, Figs. / 

244, 245 to pre eut snow from hokmg the aqueduct Grooves to receive stop-plauks aie cut 

in the masonry of the aijuedu t at intervals, and j- ■ " " ■ ■ " ■ '■' " 

and discha gn hIi 

of small r 

width and 





t^ ?;■»-» 
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of the inm Bqufdnct-bridgrys waa the moat appltmbla in the flnt portion of the aqueduct, u 
DO good buildiug-etooo could be obtainMl witllin reasonable distance, and the roada were badly 
anited for the carriage of materials. From tht> eleventh mile to the reservoir at Mngdock, how- 
ever, good building-atone was abundant, and all the aqucduct-brid^^ca in that diiitrict are therefore 
of atone. One of theae is ahown in Fig, 242, in elevation, andlongitudinal section in plan, Fig. 2*3; 
and Figs. 244, 213, ahow trsnaverae aectiona of the same. There are, in aJl, twenty-five important 





iron and stone brides, some of them of conaideroble maguitnde ; and about eight; dietinct tmmels, 
TarjingiB IcDRth fnim Ij mile downwBttU,»nd forming a total lenrfli of thirteen miles. Where the 
aqueduct van formed in open cutting, the ground waa filled jn and the Burfaee restortd, as ahown 
in Fig. 232. At the caxt-iron troughs of the iron aqueduct-bridgea. and at the other bridges, the 
watorwa; is covered with planking, aa shown in the aectioas of the Mairgar aqueduet-bridge. Figs, 
244, 245, to prevent snow from chokinp; the aqueduct. Groovea to receive stop-planks are cut 
in the masonry of the aqueduct at intervals, and most of the bridges arc provided with overflow 
and discharge sluices. The latter are similar in construction to the outlet eluicea of the locks, but 
of smaller dimensiona. The three valleys of the Ducbrey, Endrick, and Diane, wbicb are of great 
width and depth, the second being more than three miles wide, are passed by means of the 48 in. 
cast-iron siphon-pipea, carried down one side of the valley to the bottom, and up the opposite aide. 
These pipes have the ordinary spigot and socket joints : a section of which is shown in Fig. 246, the 
Joint t^ing made with lead, K, and yam, O. Some depressions on the line of those siplion-pipea 
are croaaed by Banged pipes, supported upon stonepiers, 18 ft. apart, aa shown in Fig. 247, the iomt 
being made by a ring of vulcanized india-rubber, P, as shown in section Fig. 24S. In tlie Endrick 
valley, two public roads, and the Forth and Clyde Railway, are crossed by these flanged pipes; and 
to support the pipes over these greater spans, cast-iron bruckets are pnt in, abutting on the stone 
pieni, which are thickened to receive them. The pi])cs are further strengthened at these places by 
projecting webs cast on them, as ahown by the enlargetl transverse serlioD of the pipe. Fig. 237. It 
was found that the eiipaneion and contraction of thexe long lengths of Qnuge-jointiyl pipes under 
changes of temperature injuriously affected the socket and apigot lead-jointa at each end ; and to 
obviate thia, a felt covering, about j in. thick, waa laid on all round the pipes, and protected from 
the weather by a tarpaulin cover, laced tightly over the whole. This has the effect of almost 
entirely obviating the inconvenience that arose from the expansion and contraction. 

The service reservoir at Mugdock, Fig. 233, has a water-surface of 60 acrea, and is SO feet 
deep, the top water-level being 312 feet above the level of the sea. It contains 548,000,000 gallons 
when full, equal to a supply for twenty-nine days at the present rate of consumption ; and thoa 
•daits of repaiiB being made upon the line of aqueduct without interrupting the supply to the 
city. The reservoir is entirely artificial, being formed by two earthem embankments, 400 yards and 
240 yards long respectively. The water is first received from the aqueduct into a basin at the 
upper end of Uie reservoir, from which it flows over four cast-iron gauge-plates, 10 feet long each, 
brought to a thin edge, into an upper pool or compartment of the reservoir having an area of about 
S acres. The depth of water passing over the gauge-plates is regularly gauged, the delivery from 
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the aqueduct thereby oompnted, »nd the quantity oT water passing every day into Glasgow to tbna 
knovn. From the upper pool the water pasaea into the main reseryair over similar cast-iron g»tige- 

{lUtes. The water ia drawn from the reservoir by pipes laid in a tunnel cat through the Pock in 
he solid, at the end of the main embaokment, no pipes being Inid through the embenkmentB 
themselves. At the end of the tunoel next the reservoir there is a stand-pipe with valves at 
different heights, which admit of water being drawn off at vnrious levels. The water passes down 
the stand-pipe and alcmg a 4S-inch pipe in Oie tunnel for e, distance of abont 50 yards to a ciicular 
strelning-wi^ cut in the rock. Water c&o also be drawn direct from the aqueduct or from tha 
upper comilhrtment of the reservoir into the pipes leading to the city, without passing throngh 

.■f. ^..:|,^ ^y means of a line of 48-iiich pipes laid through the bottom of the Keerroii bom the 

' ' " ..i-j>.i.— - - where the aqueduct enters. 



■tond-pipe back to the apper end of the 




The straining-well is shown in vertical section in Figs. 249, 251 ; and Fig. 250 to » 
plnn. The well to 40 feet diameter and 63 feet deep, cut out of the solid (wk. TVithin the 
straining- well, and forming an inner chamber of octagonal shape, 25 feet diameter, a series of 
<mk fremett QQ, Fig. 249, ia placed, covered with copuer-wire cloth of 40 meshes to the inch; 
these are held in the light cast-iron pillars R, which have grooves cast in them to receive 
the frames. These wire-ilolh strainers occupy only the lower part of the well, the space above 
being filled in with wood planking 88, up to the tep water-level of the reservoir. The water 
passes from the outside thtongh the wire-efoth strainere into the inner chamber, and to taken off 
thence to the city by two lines of east-iron pipes 42 inches diameter, as shown by the arrows. 
The water tmdergoes no filtration, but in passing through these copper-wire strainers, any straws, 
or other floating matters, are separatetl from it. 

The pipes in the bottom of the stniming-well are provided with junctions and stop-valves, as 
seen in the plan. Fig. 250, so as to ftdmit of the nipply being drawn direct from the rewrvoir, 
while the strainers are being cIcBnad ' ^''"^ ktter to dcme by emptying the well, and throwing » 
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jet of water upon the atntinerB titan the ituide oulnarda, by n leather hoee with the head preeBore of 
the reeervoir, the foul water being carried off by a tunnel through the rock. The frames Q Q 
catTjing the Btrainere can also be raised to the top of the well and taken out for rcpain, by being 
drawn ap through the grooves in the cast-iron pillars It, in which they are fitted. The top of the 
stntiaing-wetl is roofed in and partly covered with |i;]iuut, oa a pmtoctinn to the working gearing 
of the stop-valve«. Thcao valves arc each divided iolo two halves, efibrding together a waterway 
of the full diameter of the 42-inch pipes. Each half of the valve is open^ n.nd shut by an iron 
rod, passing up through a caat-iron pipe, and terminating at a convenient height above the water- 
level in B long brass out, into which works a stationary iron screw, turned by a crank and bevel- 
whecla. The two linee of 42-inch pipes laid in the tunnel, leading o£f from the straining- well, will 
deliver the whole 50.000,000 gallons a-day : but on emerging from the tunnel, which is 140 yudg 
lone, they are diminished to !ji|> inches diameter, and provision is made for additional pipes being 
laid when required. At the point where the pipes are reduced to 36 inches diameter, a self-acting 
throttle-valve is fixed on each line of pipes, the object of which is to shut aff the water coming 
from the reservoir in the event of one of the pipes bursting, or any other accident occurring whereby 
the velocity of the water in the pine is incn»acd beyond that to which the valves are adjusted. 

At intervals along the lioeof Uie mams to Glasgow and at several points in the city, stm>-Valve» 
•refiiedin the large pipes, one of whicb'for a 36-in, pipe, ia shown in Figa. 25:^,253,254. To admit 
of these valves beinK easily closed or opened, the slide is divided into two compartments, T and U, 

— ^eing considerably smaller than the other. The amaller slide, T, is the ft: ' ' — "" """ 

this opening so much reduces the prei 
; the valve is thus easily worked by oi 
which is an object where largo valves have to bo placed in public streets, the total effective area of 
the valve has been reduced, in the case of these SU-inch valves, from 7 sq. ft., the area of the pipe, to 
4i sq. ft. ; the smaller slide, T, having an area of I sq. ft., and the larger, U, an area of SJ Sq. ft. 
To pass this contraction with the velocity that the water in the pipes will have when the discbar^ 
is greatest, the loss of head will be from 4 to 6 inches ; but this loss is more than comifensated for 
by the economy of the valve and the reduction in the dimensions of all the parts. 

I'he Washington aqueduct, oonstmctod for the purpose of supplying to Georgetown and 
Washington, U.S., water from the river Potomac, at a point eleven nulcs above the last-mentioned 
city, eonaists for the greater part of its length of a masonry condail, 9 feet in internal diameter. 
The fall of this conduit averages 9 in. per mile, its length being 11^^ miles. The total length 
of the aqueduct is tSJ miles, and it is capable of supplying to the town retemoir 100,000,000 
gallons a-day. In carrying out this work, all unnecessary eipendituro has been avoided by 
constructing its parts in as simple a manner as pnaaible ; thus the various water-gates and 
pipe-vaults have, in most cases, been arranged within the masonry embankments ; and thus, 
whilat most of the fittings are ont of the lea^ of frost, much of the expense, which would have 
becQ incuired by the erection of gate-houses, and so on, above ground, has been saved. Tha 
aqueduct-bridge over Cabin John Creek, on the line of the oonduit, from the source of supply 
to the receiving reservoir, is shown in Figs. 255, 25ti, 257. It ia a atone-arched bridge, its 
clear span is 220 ft. The arch is an arc of a circle of 13i-2B52 ft. radius, and its rise is 
fiT-2624 ft Fig. 255 is a side elevation; Fig. 256, longitudinal section; Pig. 257, sectional 
plan; Fig. 258, traosverse section tbiougb the eastern al>tttment, taken through the springing of 
the arch; and Fig. 259, a ttans- 
Torse section through the crown of 
the arch. The radius of the txlradot 
is 143-2695 ft., the depth of the 
vouMuirs being 6 ft. 2 m at the 
■pringings, and 4 ft. 2 m at the 
crown. Outside the voussoirs m 
another series of arched Bfonia, 
which make up the total thickneiis 
of arch at the springinKS to 20 ft , 
this thickness dimiuishmg towards 
the crown. The width of the bridge 
ou the face of the arch is 20 ft 4 m 
The abutments are formed by the 
solid rock on each side of the ereUc . 

the face of this rock being stepped down, as shown m Fig 25G, and the 
steps filled in with concrete, on which the footmgs of the arch bed The 
clianncl through which tho water is conveyed consults of a conduit of 
circular section, 9 ft. diameter inaide and 9 in. thick, this conduit being 
imbedded in the masonry of the bridge. Tho haunches and abutments of 
the bridge are lightened by reliecim/ arches, of which there are five on the 
western and four on the eastern side, extending through half the thickness of the bridge. The 
centering on which the arch was constructed was supported upon temporary piers, formed in 
the bed of the creek, as shown in Fig. 25ti : the vertical timhers bcnring upon these picis, and the 
bracing connecting them, carrying a series of struta radiating to the lines of timbers beneath the 
lagging-hoards. The key-stone was inserted in mid-winter, and the centre was not struck until 
some ten or twelve months later. The rise of temperature lifted at times the arch of the 
centering; but when the latter was removed, oar^W ol)servatioiis were made without any 
settlement being noticed. 

Hor*e mid Heports on ^guerfucfj;— Tower's (F. B.) 'Croton Aqueduct,' royal 4to, New York, 
1843. Fontenay (T.), 'Construction desViaducs, Fonts,' Ac, 2 vols. Svo, and 'Atlas,' in 4to, 1652. 
' Cautley (Sir P. T.), 'Eeporl on the Ganges Canal Works,' 2 vols. Svo, 1 vol. 4t», and Plates in 
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folio. ISeO. Becker, 'Der WMMtbAn in seiaem gani^ Umfonge,' 1861. Birot (F.\ 'Guida 
^tiqne du Conducteai ilea Pools,' 3k., 2 vole., ISmo, pBiis, IK62. Hneea, 'HtiDilbuoh der 
WHsaerbau Ktuut,' 1863. 'On the Loch Katrine Waterworks,' by Job. M. (iale: Proceedings 
lust. H. £., IStH. Blancrieff (C. 0. ISixitt), 'Irrj^imtion in SnutLem Kurope,' 8vo, IStiS. 

See also: — Bclidor, ' Architecturo HydmuHiiue.' DclHiRtre. ' Encyclopedee de I'lnp^nieur. 
Uinard. ' Cours de Coostniction.' 'Lifeof Ti.'lford,'4toftndfol. Sganzin, ■Courede Conal ruction.' 

ABCH. Fb., Areht. rAntrt ; Geb., Bo^ea. Uerliihe ; Ital., Arm ; SPAN., Arco. 

An arch is a form of structure in which the veriirsi Sarcua duo to the weight of the materinlB of 
irhioh it is composed arc tntnHmitted to the supports or iibalmenta in n polygonal line, UKuallj 
termed the " curro of equilibrium," from the fact that it becomes a curve when the arcb-gtonea are 
infinitely DumerouB. 

Arches are named from the curve or outline of the nnder-snrfiice presented bv a lection taken 
Bt right angles to the axis. Tliua. an arch whose outline m a scoikircle ia called a " semictreular 
arch," and one formed to an elliptical curve 14 called an " elliptical arch." Figs. 260 to 273 shoTV 
the forma of arches usually constructed. 




Strught Arch. Cunberad Anth. 

Wheie two arches intersect, they are called " groined arches." 






uing An:h. Skew Arch, 

the opening at one end is leea than at the other, as in Fig. 2G0, the arch is called a 
gauged " and " aied " are applied to brick arches when the bricks are gauged or 
liaof anatch ib oblique to theface, it is called a "skew arch." 



iDTcrtcd Arch. 

t applied, as " trimmer aich," nsuall; 




Trimmo' Arcb. Rtlifving Arch. 

Anhea are also named Iioiu the uee to which thef a 
'Wt under the hearths of fire-places, Fig. 271, 
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** Believing ardu" when placed over a lintel or breasummer to relieve it of the weight of the 
wall above. Fig. 272. 

*< Inverted arch," when placed under an opening or space to distribute the pressure of the walls 
over a more extended area. 

The parts of an arch are named as follows : — 



2Y4. 





Extrados. — The outer BuHaoe or back. 

Jntradoa, — ^The inner BUifaoe or •* solfit.'* 

Crown. — ^The upper part between the extndos and intrados. 

Ifaunches, — The flanks or Bides between the springing and crown. 

FouMOirs. — The stoDes or blocks, a a, Fig. 274, of which the arch is formed. 

Key'Stone. — ^The highest or middle vouasoir in the crown, as 6, Fi^;. 274. 

Sommering Lines. — The radiating lines corresponding to the dii-ection of the bed-joints of the 
vouasoirs. 

Springing, — ^The level or point of the intrados at which the arch 
joins the piers. 

Spandril, — ^The port between two arches springing from the same 
pier, or between the back of an aroh and a perpen- 
dicular line erected from the point where the eztrados 
commences at the springing. 

Span, — ^The width between the piei's at the springing line. 

JRiae. — ^The vertical distance between the crown and springing. 

Skewback, — ^The part of the pier on which a segmental arch rests, or 
from whidi it springs, as a, in Fig. 275 ; the lower 
bed being horixontal, to correspond with the joints of the pier, and the upper bed 
inclined towards the centre of the arch to correspond with that of the vouasoirs. 

An arch derives its strength from the fact that, if the ends are prevented from spreading, its 
curve cannot be shortened except by the crushing of the materials. Hence it is obvious that there 
are tvoo conditions at least whicn are essential to the stability of an arch — immobility of the sup- 
ports, and sufficient strength in the materials to resist crushing. Another condition of equal 
importance is, that the arch should have sufficient thickness to contain its curve of equilibrium — 
when all these conditions are fulfilled, the arch is said to be stable. 

No writer has propounded a theory by which the proper thickness of an arch at the crown can 
be obtained so as to be of any use in practice, l^e question involves the depth required for 
equilibrium, as well as to resist crushing. English engineers, for the most part, adopt an empirical 
formula, due to J. T. Hurst, * Building News,' Feb. 27, 1857, and given in Bankine*s work on 
* Civil Engineering,' but in a slightly modified form. 

If D = the depth or thickness of the arch at the crown, B = the radius of curvature, and C = 
a constant depending on the nature of the material, we have 

D = VB. 
For Block-stone .. .. = 0*3. 
„ Brickwork in mortar „ =0*4. 
„ Bubble-stone in mortar „ =0*45. 

Where the brick or rubble work is built with Portland cement, a lower value of may be 
taken, but to what extent there are no experiments at present to show. 

For elliptical or other arches, with a varying curvature, B may be taken to represent the radius 

at the crown. 

— S 
In a straight arch, D should equal Vs + lo' ^ heing the span of the arch. 

According to theory, having obtained the minimum thickness D at the crown for an arch in 
equilibrium, the thickness at any other point, to prevent the arch from blowing up at that point, 

DV" 

owing to the thrust, will equal ~za~> V and v being the rise of the arch at the crown, and at the 

point for which the thickness is required, respectively. 

The force of an arch tending to spread, or to thrust out its abutments, is usually resolved, at 
the springing, into a horizontal direction, termed the ** horizontal thrust," and is equal to that at 
the crown when the arch is in equilibrium. 

Various theories have been advanced with the view of determining the value of this force, but 
most of them are useless to the engineer, from the difficulty involved in their application to practice 
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— Kme &il from the incorrectness of the datti on which thej are fonnded, and othen becatue thej 
seek a form of structure to fulfil the theorj, inatead of adapting the tbeor; to the form required in 

When the thickness and loading of an arch have been properly determined, the horizontal 
thnut can geDerally be found with sufficient aociuacy b; Baauming that the tendency of the aroh 
ii to separate s.t the emvn and springing, vhence 

If a = diftaoce from the springing to a vertioal line drawn through the centre of gravity 
of the half-vch, 
T = rise of the arch, 





then P = - y-. 

As the centre of gmvit; is tedious to find, perticularly in an arch extrsdossed to a horizontal 
line, the following method will sometimes be found convenient. Divide the half-arch into say four 
equal parts, and cull their respective weights, W,, W„ W„ and W,, 
as in Fig. ?7G. Conceive the centre of gravity of each point to be 
in a line diawn vertically through the middle, then the moment of 
each part tending to ovctset the pier "itill be the weight of the part 
mnltiplied by the horizontal distance of its oentre line from the 
spriKing ; and if ne take the width of each of the parts = 2 a, 
and the rise of the arch added to half its depth at the crown = r, - 
the horizontal thrust will be nearly 

W, a + W, 3a + W, 5a + W . 7a 

The abatmnt, Fig, 277, is the part which supports and takes the thrust of an aroh. It is subject 
to three oonditions : — 1st, It shonld sustain the weight of the aieh without crushing. 2nd. There 
must be sufficient adhesion between the canrsee of masonry to resist 
the tendency to slide. 3rd. It shonld be of sufficient thickness to { 
resiat the tbinst of the arch without overturning. 

The use nf granite, the harder limestones, or sandstone^ fnUls 
the first condition in most cases. The second may be attained by the 
use of dowels, or a good hard-setting cement. When dowels are 
used, they aro nsually of copper, iron, or elate, from 1 to 2 inches 
square, and from 4 to 6 inches long. To fulfil the last cauUtton we 
must reaort to calculation as follows :~ 
Let H = height of abntment, 
T = thickness of ditto, 
P = horizontal thrust of half arch, 
W = weight of ditto, 
C = weight of a cubic foot of the arch and abutment. 

CH'P /TP / W \' W 

WehavePH*— 2— +WT; or, T = v/ -y- + ( (, H ) " CH" 

This formula gives the nett thickness of abutment to resist the ttmist of the aroh, on the 
suppoeition that the weight of the halC-arch W acta on the inner edge of the abutment, instead of 
through the centre of gravity. In practice safety is attained by adding connterforta or wingwalls 
in addition to the thickness attataed by the formula. 

See Bbidoi, CoNarBuCTnoH, Dome, &c. 

Worki on Arehn ,-— Atwood (G.), ' Dissertation on the Construction and Properties of Atflhes,' 
2 Parts, 41o, 1801-1804. Gauthey (E. M.), 'Traits de la Construction des Fonts,' 3 vols., 4to, 
Paris, 1809-1816. Ware (S.), 'TracU on Vaults and Bridges,' royal 8vo, 1822. Owilt's (J.) 
'Treatise on the Equilibrium of Arohee' 8vo, 1839. Beheffler, 'Theorie der Oewiilbe und 
Puttemzauem,' 1857. Woodbury's (Capt. D. P,) "Treatise on the variaos Elements of Stability 
in the Well-proportioned Arch,' 8»o, New York, 1858, Cavalli (O.), ' Memoria snl delineamento 
equilibiato deni archi in murato,' 4to, Torino, 1859, Breymaan, 'Ban Conatractions,' Lehve, 
vol. i., 1860. Bland (W.), 'On the Principles of Construction in Arches, Piers, Battre«sea,' Sx., 
12ino, 1862. 

Bee also : — Bondelet, ' L'Art de Batir.* Sganzin, ' Cours de Construction.' Bobison's ' Meobft- 
nioal PhiloBophy.' Uann and Hosking, ' Theory, Practice, and Arohitccturo of Bridges.' 

Abchdiedun Sosew, for raisiwi vater. 

ARCHIMEDIAN SCREW. Fb., Via iTArc/iiineik i Qeb^ ArMmediacht Schraube ; ITAL., Viia 
iTAivhinude ; SPAN,, Torailh de ArqaCmedis. 

If, npoQ the surface of a cylinder, a hrlix of several apiials be traced, so that in a groove cut 
according to this curve are set small platee, all of the same height, and joining well upon each 
other, the combination will present, as it were, the thread of a screw, perpendicular to the suifaoe 
of the cylinder, and of uniform tbicknesa. A screw so formed, covered with a cylindrical envelope 
" ■ ■" n JrcAim^dii™ KTtw, tor raising water. Its envelope with the barrel, the 



of staves, vrill constiti 



the ipacD comprised betwL ...__..._._, ... 

the cnmmon acrewa, three equidistant blocks, or threads, are placed upon the same neuvJ, and cuu- 
sequenlly three canals. The diameter of the screw, which is the intmor diameter of the barrel, 
varies from 1 ft. to 2 ft. ; that of the newel is a third of it : and the length of the screw is from 
twelve to eighteen times the diuueter, as the strength may require. The angle made by the helix 




124 AROHIMEDIAN SCREW. 

with the axis, or rather with a right line traced upon the neu>eij and consequently parallel to the 
axis, has undergone great variations. The Romans made it but 45^; at Toulouse, from plana 
obtained from Holland, it is made about 54° ; constructors at Paris generally make this angle 60^ : 
and Eytelwein, in a small screw, carefully made, went as high as 78°. At the upper extremity of 
the axis there is a crank, and at the lower is a pivot, which is received in a socket, embedded in 
one of the small sides of the frame of the machine. If we place an Archimedian screw thus con- 
structed in a body of water, giving it an inclination less than that of the helix upon the axis, which 
is usually from 30^ to 45^, and impress upon it a motion of rotation, in an opposite direction to that 
of the helices, the inferior orifice of the canals passing in the water will draw up a certain quantity, 
which will rise from spiral to spiral, and will issue at the upper orifice. The screw is particularly 
adapted to the draining of water from places where we wish to lay, unobstructed by water, the 
foundations of any hydraulic structure, such as the pier of a bridge, or a lock. 

Its simplicity, the small space it occupies, the facility of transporting and setting it up, as well 
as that of setting up many at the same place, causes its use to be very general in such drainingH, 
and give it a preference even over other machines which have advantages in other respects. 

FoT greater simplicity, let us take a screw. Fig. 278, formed by a tube, bent and wound round s 
cylinder. We first place it horizontally ; if, through the orifice at the base, we introduce a bullet, 
in rolling, as upon an inclined plane, it will advance fv •* aig 

towards the other extremity of the tube, and it will 
stop upon the lowest point of the first spiral. By 
turning the machine, the point on which it rests will 
be raised ; it will leave it, and, as if descending, it 
will pass to the following point, and in succession to 
the others, remaining always at the same level, but 
advancing towards the outlet of the tube, which it 
will finallj^ attain, and pass through it. Now, incline 
the machine a little, and again introduce the bullet 
through the lower end ; it will still settle itself upon 
the lowest point of the first spiral, when it will be 
raised by means of the motion of rotation, and will 
pass upon the following one, which will also be raised, 
but in a less quaiitity. In this manner, by a movement 
at once progressive and ascensional, it will gain the 
upper outlet : it will have risen by descending, the plane on which it rested rising more than itself. 
If the inclination of the screw had been such that the helix should present no point lower than 
that upon which the bullet is first placed, it would have continued to remain there. Finally, if 
the inclination had been still increased, the bullet could not have entered it ; and if it had been 
introduced through the upper orifice of the tube, it would have descended in following all the 
windings, and have issued through the lower orifice. 

What we have said of the bullet applies equally to the water which enters through the base 
into the spiral tube. It will flow to the lowest point of the spiral ; it will then rise on both sides, 
in the two branches, to the level of the most elevated point of the branch of entry. The are of the 
spiral, containing all the water it can then admit, is the hydrophoric arc of the screw. If, after the 
m^ spiral is filled, we make a revolution of the machine, the water it contains will advance, like 
the bullet, with a double motion, progressive and ascensional, and it will be found in the hydro- 
phone are of the second spiral ; it will be replaced in the first by a new and equal quantity of 
4water. In the following revolutions, these two bodies of water, as well as those which follow after 
them, will ascend from spiral to spiral, even to the orifice of exit. Thus, at each revolution, the 
screw will evidently discharge a quantity of water equal to that contained by the hydrophoric arc. 

But for this purpose, the base of the screw should be plunged in the well a certain quantity. 

It should be at least so much submerged that the mouth of the helicoidal tube, after having 
traversed in its rotation the water of the well, on its arrival at the surface, sliall be found at the 
summit of the hydrophoric arc of the first spiral ; then this are will be entirely filled ; and it is 
evident that it could not be so if the lev^l of the reservoir was below tins point, whose position 
we shall soon determine. When the mouth, in pursuing its rotation, shall have passed this level, 
the atmospheric air will enter in the tube, will take the place vacated by the water, and at the end 
of the first revolution it will fill the upper part of the first spiral, that which is above the hydro- 
phoric are. It will be the same with the following spirals ; the water and the air will be then 
disposed as indicated by the figure ; each of the columns of the former fluid will be entirely sup- 
ported bv its spiral ; it will not exert any pressure upon the inferior columns, and throughout the 
air will have the same density as that of the atmosphere. 

It will not be so if the level of the well should be raised above the summit of the hydrophorio 
arc, even though the orifice of the tube may be found, in some portion of its revolution, outside the 
water. The air, it is true, wiU be introduced among the spirals, but the water will occupy more 
than the hydrophoric arc ; it will rise, in the ascending branch, above the summit of this arc, that 
is to say, above the summit of the descending branch ; it will bear upon the inferior column with 
all this excess, and will compress the air comprised between, that and itself. Often this air, striving 
to regain its density, traverses the column wnich is above it. On the other hand, and by reason of 
the movements which take place, and of the irregularity with which the water and the air are reci- 
procally disposed, the last of these fluids may be found rarefied in certain parts ; and we may see the 
atmospheric air introducing itself in the tube, passing briskly througli the water of some spirals, and 
going to establish the equilibrium ; these shocks and irregular movements diminish considerably 
the product of the machine. 

Finally, when the base is plunged entirely in the well, the air cannot enter the screw ; nothing 
but water can enter there. If the velocity of rotation be very great, the centrifugal force restdting 
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from it voAj raise this water, and cause it to be discharged through the upper outlet (see Turbine). 
But with a less velocityf the water will only reach a certain height in the tube ; forming a con- 
tinuous whole, it will press, with all the weight due to its vertical height, upon the orifice of entry, 
and will thus counteract the centrifugal force. In great machines, the air which is already in the 
helicoidal ducts, and that which arrives there through the upper opening, also produce irregularity 
in the motions, and the diminution of the product already alluded to. When, however, the canals 
are very large, and the machine is properly disposed and inclined, the exterior air arriving without 
commotion in all the spirals, these inconveniences no longer occur, and we obtain nearly the usual 
product. 

Eytelwein, who made a particular study of the movements of water in different kinds of 
screws, published a series or experiments which show the bad effect of a too great or too little 
submersion of the base in the water to be drained ; at least, for screws with 
small ducts. We give he^ some of the results obtained. He was provided 
with a model of a screw made with great care; it was 0*512 ft. in diameter 
and 3*608 ft. long: it had two helicoidal ducts, intersecting the axis at an 
angle of 78^ 21", and having, in the direction of the radius, a height of 0* 138 ft. 
This screw was placed in a reservoir, in an angle of 50° to the horizon ; and 
when it yielded the greatest product, the level was 0*042 ft. above the centre 
of the base. In the fint coliuim of the annexed Table, the height of the water 
above or below the centre of the base is indicated; and in the second, the 
Tolume of water raised at each revolution. 

Though the Archimedian screw is simple in its character, still there is no 
theory to be found for the machine as it is now used. The essays of some 
teamed mathematicians are far from enabling us to determine its effects 
exactly. That which Bernoulli and most authors have given, applies only to 
the case, now out of use, of a tube, with a very small diameter, roUed spirally 
round a cylinder. We make an elementary exposition of the principal features 
of it, both to guide our first impressions upon this subject, and to avoid leaving a gap in this work. 

Let A M C N D, Fig. 279, be a vertical projection of the axis of the helicoidal tube, wound round 
the cylinder ABED, and the circle a n 6 m a a projection of the base of the cylinder, upon a plane 
perpendicular to its axis. Through the point F of 
the arc AM M' C draw the tangent G H ; it will 
make with the edge O I an angle I F H, which we 
d^ignate by a ; and through the extremity B of 
A B draw the horizontal B K, the angle E B K, or 
6, will measure the inclination of the screw. 

Let us determine the length of the hydrophone 
arcMCN. 

And first, the height L P of any point L of the 
helix, above the horizontal plane BK. Project 
L at / upon the circumference of the circle of the 
base, and draw the horizontal /r, we shall have 
LP = Lr + rP. For greater simplicity, make 
the radius oa = 1 ; designate by a the length of the 
arc A / ( = a /) ; the angle which the helix makes 
at A with the plane of the base, being the comple- 
ment of a, we shall find L r = L / sin. 6 = A / 
cot. a sin. b = a cot. a sin. 6. We shall also have 
rT = Iq = /Bcos. 6=s6cos. 6 = (1 -f cos. o) cos. 6. 
Then L P = a cot. a sin. 6 + (1 + cos. o) cos. 6. 

The summit or commencement of the hydrophoric arc of the spiral A C D will be at M, the 
most elevated point above B K. It corresponds consequently to the maximum value of L P. Diffter- 
entiating the above expression, equalling the differential to zero, we have sin. a = cot. a tang. 6 ; 
which givee the value of the arc a, or d m, for the case of the maximum. Calling m this particular 
value at the point M, we have for the height of this point above B K, m cot. a sin. 6 -f (1 + cos. m) 
COS. 6. 

If through M we imagine a horizontal plane, the point N, where it intersects the ascending 
branch of the spiral, will be the end of the hydrophoric arc ; since the commencement and the end 
should have the same level. Project N upon the circumference of the base ; it will fall upon the 
point n ; call n the arc bn ; the arc of the circle a m 6 n, corresponding to the arc of the helix 
A M C N, will be » + n ; and for the elevation of N above the horizontal plane passing through B, 
we shall have (ir + n) cot. a sin. 6 + [1 + cos. (» + n)] cos. b. 

This elevation should be equal to that of M. Making the two expressions equal and reducing, 
we have (w + n) sin. m -f cos. (ir + n) = m sin. m + cos. m : an equation from which we may deduce 
the value of », by means of successive substitutions. 

This value being found, we shall know the arc mbn corresponding to the hydrophoric arc MCN. 
But an arc of the helix is equal to an arc of the corresponding circle, increased in the ratio of the 
radius of the tables to the cosine of the angle comprised between the two arcs, that is to say, 
divided by this cosine. Here the arc of the circle is ir - m + n, the angle comprised between the 

two arcs is 90° — a: the length of the hydrophoric arc will then be — a-;^";; — ; and, for a cylinder 




whose radius is r, 



sm. d 



v •{• n — m 



sm. a 
If s is the section of the helicoidal tube, the volume of water raised at each turn of the 
screw will be the above expression multiplied by s. 
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Galling N the number of turns made by the screw in a given time, L its length outside of the 
water, ana observing that the height of the elevation is L sin. 6, we shall have for the value of 
the useful effect, during this time, 

sin. 6 

The expression sin. m = cot. a tang. 6, obtained by differentiating, and making eoual to 
zero the general value of the elevation of any point of the first spiral, answers equally to tne case 
of maximum and minimum ; it gives the smallest as well as the greatest elevation, juoreover, the 
sin. m applies as well to the arc a m' as to the arc a m, by tiding bm' = am. Consequently, il we 
project the point m' upon the hydrophone arc, M', wMch is its projection, will be the lowest part 
of the arc, as M is the highest point. 

The expression cot. a tang. 6, representing a sine, cannot exceed 1. When it is equal to it, the 
arcs a m and a m' will become a o' ; the points M and M' will be merged in the point F ; there 
will no longer be a hydrophorio arc, and no more water raised. But cot. a tang. 6 = 1 gives 

1 
tang. 6 = — T — = tang, a or 6 = a ; that is to say, that when the angle of inclination shall be 

equal to the angle made by the helix with the edge of the cylinder, the discharge will cease ; it is 
necessary, then, in order that it may take place, that the first of these angles should be smaller 
than the second, as we have already remarked. 

That of the values of 6 giving the greatest effect is impliedly embraced in the above expression 
of effect. For the same screw, moved with the same velocity, there will be no variable in this 
expression but sin. 6 (ir -f n — m), and it will be necessary to determine the value of 6 which will 
render this quantity a mcLximum, 

From what was said at the commencement of this article, in order that the hydrophone arc 
should take all the water it can contain, the level of the fluid in the well should be as hiKh as the 
point m, or as the point jd, which is on the same horizontal line ; an d consequently shou ld be raised 
above the centre of the base by the quantity op = r oos. m = r^ 1 — (cot. a tang. 6)'. For the 
vertical elevation, we shall have 

V oos. h V 1 — (cot. a tang. 6)'. 

In what has been said, we have supposed the hydrophone arc had time to be filled with water, 
without any mention of the velocity of the water. It has, however, a great influence upon the 
amount of the product, especially when the bottom of the screw is entirely 
submerged. This influence is shown by the experiments of Eytelwein. 
They were made with the small screw already mentioned, with an inclina- 
tion of 50^. In the first series, the end of the screw was entirely sub- 
merged ; an unfavourable circumstance, the disadvantages of which are not 
sufiSciently appreciated by workmen. The second was made under more 
favourable circumstances, with the base submerged only a suitable quantity. 
In practice, it will suffice to establish the screw in such a manner as that 
the end of the vertical diameter of the core may project a little above the 
surface. 

Comparing the terms of the two series, when the velocity of the machine 
has been nearly the same, we see that when the inferior extremity was 
entirely submerged, the product was about one-third less. 

We pass to the effect of which great screws are capable. 

It is made known what this product wotdd be, by giving, in the following 
Table, the results of experiments made with three pumps, of 1 ft., 1^ ft., 
and 2 ft. (French measure) in diameter, the latter limit never being exce^ed. 
The length and velocity of each are given, as well as the angle of inclina- 
tion at which it stopped delivering water ; an angle which, according to 
theory, is equal to that made by the helix with the axis. The greatest 
effect was produced at an angle of 30^; Morin has .taken it for the unit, and has compared 
with it those obtained under different angles ; this comparison shows the great influence of the 
inclination. 
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Though the volumes of water indicated in the Table have been admitted, as the results of 
experiment, by a commission of eng^^^ * ^^y ^ ^^^7 ^^^ presented by a constructor of the 
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Archimedi&n seiew, We may fear that there is some exaggeration ; and ill application, we should 
not reckon upon more than two-thirds of the product indicated. 

It seems that the quantities of water raised by these machines, they haying been reduced to 
the same number of turns in the same time, should be proportional to the capacity of the hydro- 
phone arc, and consequently to the cube of the diameters, if the screws were 
similar solids ; yet Morin found that these quantities are very sensibly propor- 
tional to the 3| power of the diameter, or to IP|. Consequently, by rc^lucing 
one-third the^quantities given in the preceding Table, the volumes of water 
raised in oneUioar, under different angles of inclination, by a screw of a 
given diameter D, would be such as are indicated in the adjoining Table. 

These screws are usually put in motion by men, who act indirectly upon 
the crank, through the intervention of beams or connecting-rods, upon which 
they impress a reciprocal motion which converts that of the cnmk into a 
rotatory. What ia the number of men to be employed to produce a given 
effect? • 

A screw 1*607 ft. in diameter, and 19*19 ft. long, used for draining by 
M. Lamande, engineer, moved by nine men (working in spells of two hours, 
and then relieved by a similar number of fresh hands), inclined about 35°, making forty turns per 
minute, raised in one hour 1589*2 cub. ft. of water 10*82 ft. For each of the nine workmen, this 
was 176-58 cub. ft. raised 10*82 ft., or 1910 cub. ft. raised 1 ft. ; he did not work over five hours in 
the day ; thus, tlie day*s labour of each was only 9550 cub. ft. In another experiment, six 
workmen, working six hours, raised each 10,660 cub. ft., and consequently 1776 cub. ft. per hour. 

According to uiese positive and authentic facts, we may admit tnat a workman, employed upon 

a well-arranged screw, can raise in one hour 1738 cub. ft. one foot in height, and that he may 

labour in this manner six hours per day. He might even work eight hours in the twenty-four, in 

a continuous draining, if the relays were properly established ; so that the number of workmen to 

Q'H' Q'H' 

accomplish such a draining would be -kjo'i ^^i ^ prevent any mistake, -r^ , Q' being the volume 

of water to be raised in one hour, and H' the height of the elevation. 

We also employ for draining, screws without the envelope or barrel, consisting simply of a 
newel, upon which are placed the helicoidal threads. We place them in a canal or semi-cylindrical 
box enclosure, made of carpentry or masonry, and having a suitable slope : it is, as it were, a half- 
barrel, but immovable. But a very small interval is left between its sides and the edges of the 
threads. These machines, called hydraulic screvoa by the Germans, are much used in Holluid, where 
they are frequently set in motion by windmills. 

They have a great velocity imparted to them, lest a great quantity of water, raised at first, should 
fall back into the well, following the sides of the trough, before it has reached the point of discharge. 
They have the advantage of being independent, in their product, of the height of the water of the 
reservoir compared to their extremity, and, without shiftmg their place, they may drain a reservoir 
whose level is gradually reduced. But this advantage is more than counteracted by an incon- 
venience : very often the core or newel, at least if it is not large, bends, and the edges of the 
threads mb against the sides of the canal ; which wears out the machine, and occasions a resistance, 
absorbing a portion of the motive force. 

It may be necessary to make brief mention of a machine, which has some resemblance to the 
Archimedian screw, and which may be used for raising water to great heights : this is the spiral 
pump. It consists of a conical or cylindrical turning-shaft, upon which is wound, screw-fashion, a 
tube of lead or other material : one of its extremities takes up the water, and the other is enclosed 
exactly in the curved end of an upright tube, which conveys this water to the desired point. 

This machine, invented and made, in 1746, by a tinman of Zurich, has been made the subject 
of a work by Daniel Bernoulli, who has given its theory, and proposed some improvements, which 
have been adopted in a construction made at Florence. Since then, Nicander and Eytelwein have 
devoted their attention to it : the latter reported that, in 1784, he had established such a pump near 
Moscow, with complete success; it conveys 4*09 cub. ft. in 1' a distance of 761 ft., ana 75*46 ft. 
in vertical height. This author extols all the advantages of this machine, and recommends 
its use. 

When the mouth takes up alternately water and air, these two fiuids advance, from spiral to 
spiral, up to the upright pipe : they enter it ; the air is discharged and escapes into the atmosphere, 
tne water ascends gradually, and is discharged through the spout placed at the top of the pipe. 

During the motion, the two fluids are disposed in the spirals as shown in the flg^ure ; the water 
on one side, the air on the other — the latter occupying less and less space. In the first spiral from 
the entrance-mouth the air is loaded, not only wiui the atmospheric weight, but that of the column 
of water of the second spiral ; the air of the latter sustains also the weight of the third column ; 
and so on ; so that in the last spiral, that which is near the upright tube, it is as it were loaded 
with the weight of a column of water, whose height is the sum of the heights of this fluid in all 
the spirals. This same air supports, by the elastic force due to such pressure, the column of water 
in the upright tube ; it can therefore support one whose height is equal to the sum of the heights 
of the water in the spirals. Thus the height to which we can raise water by means of a spiral 
pump, depends upon the length and the number of spirals of the helicoidal tube. 

If the compressed air, on issuing from this machine, were properly received and directed, it would 
produce a blast, which might easily be made nearly continuous. An Archimedian screw, containing 
also in its spirals alternate masses of air and water, might yield an analogous effect, if it were 
disposed and moved in an order in some sort the inverse of that followed in draining. Blast- 
machines on this principle have been used in many instances with success. The Archimedian 
acrew, in this latter case, is of great diameter compared with its core, and placed in a basin filled 
with water, with a certain inclination, so that the upper end of the axis shaU be very near the 



128 



AEMING-PRE88. 



liqoid gnrface. When the acrew tnnu, the upper tnoath of the helical aaal paasing in the Ktmo- 
Hpnere duriut; one-half of ita roTolution, there takes a certain quantity of air, which at first has its 
place above the first hydrophone Biia, and which then descends from Bpiml lo spiral, ianiea 
through the lower mouth of the canal, and tends to rise in the water of the baain, with an elaetio 
force mcRHured by the height of the liquid surface above this mouth. „ 

AREA. ***■ 

The sunk apace around the lower stories of a building Is termed the area. 
Bee Messc RATION, 

AREA-DRAIN. Pb., Tsolement airf. Oer„ Laftichriclit. 

An area-drain ia a narrow open area, Fij;. 2S0, f;enpnilly less than 3 feet 
in width, constructed around the baaement of a building, to prevent the 
approach of damn &om the aurrounding soil. 

ARGENTAN. Pb., Argentaa, allmje de caiia-e, niciel et zina ; Geb., Sicid- 
ailbtr ; Ital., Packfmg ; Span., Argeatan meicla de mbre, niquet y line. 

Argentan is the name given to an alloy of nickel, copper and z 
Oeminn Bilver. See Nickel, Alloys of. 

ARM-BAND. Fb,, Sapjiorl h fxaa ; Geb,, Geachrhalter. 

An arm-band, Fitn. 281, 282, 283, 284, is a piece of crooked iron, attached either to a wooden 
rail or stone block, fixed against the walls in burack-rooma, to retain the soldiers' mi^skels when 
not in use, the butt-ends resting OD the floor. Formerly, muskets were laid horizontally, one over 
another, in arm-racks, which were not to ooDvenient to teeoh in otses of emergency. 




; and is generally termed 



LI 





U carton ; Geb., Deckelpitsx ; Ital., Tore/tin da (nAoitan ; 



ARMIKG-PRESa. Fs., Prem d 
Span., Frema para encuademar. 

An arming-preaa is a machine used Cor emboeeini; the back and Bidet of the cover of $, book. 
Fig. 285, represents the rotary arming-presa designed by John Gougb, to be worked by steam- 
power. The ahaft, a, carrying the strap-pulleys, b, is fixed upon the top of the press ; and at one 
end of the shaft is placed a toothed-wheel, c, geared into the fly-wheel d. On the other end of 
this shaft is fixed a small pinion, geared into the large wheel, e, running loose upon the eccentric 
shaft /. This wheel is fitted on a clutch, A, sliding on the square end of the eccentric shaft. 
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Thia press, which is of large size, is fitted with two sets of gauges, for feeding front and back, so 
that, with two attendants, two blocks can be worked at the same time, rendering this press equal 
to two of a smaller size. The whole is supported by columns, which tie the head and top bearings, 
bed, and standards, in a compound and rigid manner. The support at each side of the eccentric 
prevents deflection of the eccentric shaft. The table, k, is supported by a sliding-wedge, /, the 
whole of its width, by which arrangement the whole power of the press is concentratea upon 
the work. The driving-gear and machinery, being placed on the head of the press, renders the 
usual dangerous gearing on the floor unnecessary. 

ABMOUB. Fb., ArmurCj Cuircute ; Geb., Panzer ; Ital., Coraxxatura ; Span., Armadwra, 

Abmoub-PLATES for Ships of War. 

The first account we have of an armoured ship is in 1530 (see 'Istoria della Sacra Beligione ed 
niustrissima Milizia di San Giovanni Gieroeoli mitano,' di Giacomo Bosio, pub. 1594). The largest 
ship then known, one of the fieet of the Knights of St. John, was sheathed entirely with lead, and 
is said to have successfully resLsted all the shot of that day. We have no account of any similar 
device until the Emperor Louis Napoleon initiated the idea of covering vessels intended to approach 
forts with iron, in consequence of the general acknowledgment of the impossibility of supporting 
the effects of shell-fire in ordinary wooden ships, or in thin iron ones when elongated bLbU are 
substituted for the spherical ones formerly used. In the United States, trial has been made of 
superposed plates of 1 and 2 inches thick, up to a total thickness of 8, 13. and 20 inches ; but the re- 
sistanoe obtained in this way has never equalled the results where solia plates have been applied. 

It has been roughly established that to keep out a hardened projectile fired from a modem 
rifled gun, the armour-plate must have a thickness at least as great as the diameter of the shot ; 
and the best practice seems to require a solid backing of wood of from twice to four-and-a-half 
times the thickness of the iron. This will give great resistance when divided into a cellular form 
by iron e^e-pieces or girders, as in the Chalmers' target. An iron lining on the inside is also 
necessary to aiminish the risk of splinters, &o. 

Armour-plates are rolled or forged up to the thickness of 20 inches by machinery constructed 
for the express purpose. They are then bent to the shape necessary by hydraulio-power ; and 
having been planed on the edges and bored with conical holes for the bolts, are attached to the 
ship's side by long through-bolts, and screwed up with nuts from the inside. 

As the artillery have within the last few years advanced with enormous strides in weight and 
power, it has been necessary to keep pace with these improvements, in the thickness and 
resisting-power of the armour; and each step forward in the science of artillery has hitherto 
been met by a corresponding increase in the defences opposed to it. But this cannot go on ; and 
it seems that the limit of defensive armour the ship can carry will be sooner reached than the 
ne plug ultra of the gun or shot that can be brought against it. 

It remains to l^ seen to how much of the ship must be given absolute immunity, and how 
much may be left to be pierced by shot without fatal consequences. Hitherto the practice has 
varied from protection over the whole hull with a moderate thickness of armour, to absolute 
protection confined to a small part of the hull. The Monitor system protects efficiently the hull 
and guns ; but these are little raised above the surface, and the vessel is not intended to keep the 
sea. The cupola system is an advance on the Monitor, inasmuch as it is applied to vessels of 
a larger class, and which are seaworthy. But on this plan very few guns are carried in proportion 
to the tonnage, and the ship requires one special armour and the guns another. There is also the dis- 
advantage &at the rigging must be sacrificed if the guns are to oe used over a large arc of training. 

In 1865 a series of experiments were made by the British Government to determine the 
relative penetrating effects of two shot on an iron plate, provided they strike with the same uoork 
or energy, notwithstanding the one may be heavy with a low velocity, and the other light with a 
high velocity ; and also to determine the relative resistances of a plate to penetration by two 
shot of similar form of head, and striking with work proportional to their respective diameters. 

For these experiments the charges were determinea with the aid of Navez's apparatus, by 
which the velocity of each projectile was observed at the distance of 100 yards from the muzzle. 
Cast-iron shot were supplied for this experiment, their weight being the same as the steel shot. 
The spherioeJ projectiles were shells weighted up with lead. 

The following Table shows the velocity which each projectile should have in order that the 
conditions might be fulfilled. 

Table A. — Showiko the necessabt Yelocitieb akb Chaboes detebmined bt Exfebdcznt: 
5 '5-INCH Plates. Pbojectile, Solid Steel Hemisphebioal-headed Shot. 



Omi. 



6'^inchM.L. rifle-gun 

n w 

n M •• •• •• 

w »» 

V n 

„ „ •• •• .• •• 

7-inch M. L. rifle-gun 

„ ,f •• •• •• .« •• 

100-pr. M. L. smooth-bore gun (9-in.) 

* Charge, powder nearly half the weight ofabot. 



ExpXnu 



meat 



1 
2 
8 

4 
5 
6 
7 
8 
9 
10 



Iba. 
15- 848* 
12- 000* 
11-219* 
13-875* 
10-500* 
9 •812* 
13-500 
11-625 
15 -4371 
11 1251 



PBoncnLi. 



Mean 
Weight 



Mean 
Dlam. 



UiiUMiaij 

Velocity 

at 100 

Yaida. 



-WoA* 

on Impact 

at too 

YantaL 



lbs. 

35-56 

71 12 

106-68 

35-56 

71 12 

106-68 

10000 

moo 

n 



inchea. 
6-22 

n 

tf 

»» 

n 
6-92 

8-87 



feel 
1917 
1355 
1107 
1823 
1271 

994 
1130 
1022 
1254 
1135 



foot tona. 
906-2 



n 

n 
819 

796 

731 

885-8 

724-8 

1135 

929 



3 
2 
5 



4 




t Chargep powder one-Mventh the weight of shot 

K 
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The charges having been thns ascertained, the guns used were placed in battery, at 100 yards 
from a row of 5^in. iron plates, fixed by upright supports, but unbacked. The guns were fired 
directly at the plates ; that is, tiie plane in which the shot moved was perpendicular to the face 
of the plates. 

Table B. — Abstbaot, showinq the Results of the Expebiments carried out at Shoebubt- 

NESS, 22/3/65, AGAINST 5'5-iNOH Unbaoked Plates. 

1000 to 1010 show Effect of Eq[uality of vis viva where Y and W vary. In the last three rounds 
the charges were altered on the ground, and the effects are not comparable : — 

35 lbs. Shot, Spherical, Length, 6*220 inches. 
63 „ „ Elongated, „ 8*500 

70 „ „ „ „ 9*315 

106 „ „ ., ,. 13*458 



»> 



n 



n 



1 



Hemispherical- 
headed. 



Fboto- 

graphic 

Namber 

of 
Round. 


Charge. 


Weight of 
PKiJeciUe. 


Velocity 

OD 

Impact. 


ApproxiniAte 

wm 

In Foot Tons 
on impact. 


Effect! with Steel PrqJectUes of 6-22-ln. DiaraeCer* 

fired fipom the 6-3-I0. Gmi of 140 cwt, 

R., ExpL Na 275. 


1000 
1003 
1001 
1004 
1006 

1002 
1007 
1008 
1009 

1010 


Ibfl. 
15-848 

12-000 
1 1 
t * 

11-219 

13-875 
10-500 

9-812 


lbs. 
35-875 
35-662 
63-687 
70-937 
71-250 

106-625 

106*812 

35-562 

70-675 

106-562 


feet 
1020-0 
1925*0 
1417-0 
1345-0 
1316*0 

1110*0 
1112*0 
1829-0 
1270-0 

996*0 


917-0 
913*8 
886-7 
889-8 
895*1 

911-0 
915-8 
824-9 
792-7 

733*1 


dean bole tkrouffk plate, and 3fL 2 In. Into earth. 

M « and stopped by a balk of timber. 
n n Mxi 3 ft. 6 in. into earth. 
Struck left edge of plate and broke in three pieces. 
Clean hole thrmtgh plate, and 5 ft. 6 la into Mrtb. " Earth 

looeened by former shot." 
Clean hole tkrMgk plate, and 3ft. Sin. intoeartb. 
w M depth in earth not known. 
H M about 1^ ft. Into earth. 
Stuck in pUte ; base prq)ects ik in. from lace of plate ; 

Blight star In rear; outer lamina off plate. 
Stuck In plate; base projects 7 in. from tarn of plate; part 
of shot shoaling through in rear. 



Table C. — To DETEBioyB the Relatxyb Besistances or a Plate to Penetration bt Two 
Shot of bihilab Form of Head, and striking with tis tita fbofobtional to their 

DIFFERENT DIAMETERS. SOLID StEEL SHOT, HeMISPHERICAL-HEADED. 













Approxi- 


Wf^ 




Fhoto- 
naphic 
xinmber 






PmncTiu. 


Vcloci^ 


mate 
Wi^ 


2g 




Gusr. 


Chasox. 




on 


2g 

in Foot Tons 

on Impact 


as propor- 
tional to 
Diameter. 


EfJTJUOlBL 


of 
Bound. 








Impact. 




Weight, 

1 


Diam. 








lbs. 


lbs. 


inches. 


feet 




Ibottons. 




1011 


100-pr. smooth- 
bore. 


16-437 


104-125 


8-87 


1254-0 


1135-4 


1135*4 


Clean hole tkrtmgk plate, and 
3 ft 3 in. into earth. 


1009 


6-3-inch ILL . 


10-500 


70-875 


6-22 


1270*0 


792-7 


796-2 


Stuck in pUte; bose pn^MlB 
34 in. from fine of plate. 
Nose wan nearly through. 


1027 


100-pr. smooth- 
bore. 


11-125 


104-000 


8-87 


1135-0 


9290 


929 


Shot rebounded, indent 3-25 In. 
deep; plate bulged and 
cracked in rear, over an area 


































of 1 ft. 2 In. by 1 ft Some 


















plate as 1002, 1003. 1009. 


1012 


7-Inch K. L., 
No. 217. 


11-625 


100-312 


6^92 


1004-0 


701*1 


724-8 


Shot rebounded, indent 3-655 
la deep, 7*33 In. diameter; 
plate cracked in rear ; shot 
much cracked. 


1013 


t f 


If 


100*125 


1 1 


1012*0 


711*0 


724-8 


Shot rebounded. Indent 4 In. 
deep, 7 • 1 in. diamher ; pUte 
cracked in rear. 


1011 


100-pr. smootb- 
bore. 


15*437 


104-125 


8*87 


1254-0 


1136-4 


1135-4 


Clean hole ihnms^ pl^te, and 
3 ft. 3 in. into earth. 


1026 


7-Inch M. Lm 
No. 217. 


13*600 


100-312 


6-92 


1131-0 


889-7 


865-8 


Clean bole tkrmagh plate ; fhot 
struck and broke support of 
wood 1 ft square, and fell in 
rear. Same plate as 1000, 
1004, 1010. 


1008 


7-lndi B. L. 


12-000 


110*000 


6-88 


1090*0 


906-2 


906-2 


Ju»t penetrated the plate ; 2 ft. 
into earth. Brown's steel 


765 


6-8-inch K. L . 


13*875 


35-562 


6-22 


1829-0 


824-9 


819*3 


Just penetmtod the plate; l|ft. 
Into loose earth. 


1009 


*» 


10-500 


70-875 


• » 


1370-0 


792-7 


819-3 


See above. Did not penetrate ; 
base 3^ in. out 


908 


68-pr. smooth, 
bore. 


16-000 


72-000 


7-91 


1365-0 


930-2 


930*2 


Indent 2*8 in.; plate cracked 
behind. Firth steeL Jfimite 

14.082. 


1010 


6-3-tnch x. L. . 


9-812 


106-662 6-22 

t 


996-0 


733*0 


731-5 


Stuck In plate. 



It appears from these Tables, ronnd 1008, that a 6*22-iii. projectile hsjust able to penetrate a 
5}-m. plate, with a %oork on impact of about 825 foot tons ; and assuming that the resistance of 
the plate varies as the square of its thickness, we shall have the following proportion to determine 
the work necessary to penetrate a 4}-in. plate with the same projectile ; that is 

6*.5« : 825 : : 4*5» : «, and x = 552 foot tons. 
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Experiments against 4J-in. nnbaoked plates, under similar conditions to those detailed in the 
experiments against 5^in. plates : — 

Tablb D. — Abstract, SHOwiNa thb Bbsults of Experiments carried oxtt against 4* 5-inch 
Unbacked Plates to determine the Relattve Penetrating Bffvct of Projectiles of 
the same Diameter and Form of Head, but so vartino in Weight and Yelocitt that 

THE yiS TIYA ON IMPACT WAS Ck)NSTANT. 

Dat^ of Experiment, 13/3/66. Brand of Powder, Rifle L. O. 8/7/64. Lot 805. 



Fboto- 
iphic 



NqiD' 



Number berof 
of PUte. 
Boond. 



Ghargfe 



Weight and 
Length of 
PrqjectUe. 



Obaerred 9^!^*!^ 



at 
300 Feet. 



at 220 
Feet 



▲pprozi> 
mate 

faiF^t 

TOUBOO 

Impact. 



1047 
11S8 

11S9 
1160 

1161 
1162 

1163 
1164 

1166 
1166 

116T 



.• 


Iba. 
6-60 




6-63 




1 • 




6*09 




fSl 




8-00 




6*63 




..? 




6-06 




» t 




8*00 



63-87 Iba. 

8-42 in. 
63*87 Iba. 

8*42 in. 

70-04 Iba. 

0-3 h). 

106- 19 Iba. 

13-39 in. 

35*60 Iba. 

6*22 In. 
36*66 Iba. 

6*22 In. 

70*94 Iba. 

9-3 In. 
63*81 Iba. 

8*42 In. 



106*62 Iba. 
13*39 In. 



36*50 Iba. 
6*22 in. 



fleet. 
1121*2 


feet. 
1112*2 


647*8 


1128-3 


1119*3 


564*8 


1077*7 


• • 


. * 


864*1 


860*5 


645*2 


1483-6 


1460-0 


624*7 


1506*7 


1482*4 


541*8 


1069*2 


• • 


a • 


1107*1 


1098*2 


633*6 


861*3 


857-7 


643-9 


863*1 


859*5 


646-a 


1609*2 


1484*9 


642*^ 



Effecta with Hemlapberical-headed Steel 

FtoJectlleB of 6*22-In Diameter, fired from the 

Service 64-pr. x. l. Gon of 6* 3-in. calibre. 



Joat penetrated. Shot rebomided abont 6 yarda ; 
length of shot 8 - 06 in. Preliminary round. 

Joat penetrated ; broke pUte bciiind in the nsoal 
manner ; abot reboonded 4 ft ; length of shot 
7*92 in.; dlameteraof bole 6 X 6*25 in. 

Miaa. Stmck support of platey and glaooed off 
into the earthwork. 

Through plate, breaUng away rear In the nanal 
manner. Shot fell 2 ft. in rear ; length of shot 
12-92 tau ; diameters of hole 6-75 X 7*6 in. 

Stock in plate, breaking it away behind ; shot 
almost through. 

Just penetrated ; broke plate behind in the nsoal 
manner ; shot reboondt^ 4 ft ; diameter of shot 
6-33 in.; diameters of hole 6-4 X 6-6 in. 

Miaa. Strockaupport and glanced into earthwork. 

Almost penetrated ; broke away plate behind over 

an area of I ft by I ft Shot rebounded 6 ft 

9 in. Indent 4*35 in. ; length of shot 7*88 in. 

Platea XUI., XIY. 
Stuck in plate, breaking it away at bade something 

more than round 1164 ; shot almoat throu^. 
Through plate. Shot toraed over and entered 

earthwork to a depth of 1 ft ; length of shot 

18-96 in. 
Made a hole clean through, but shot remained 

atickiog in the plate, prq^ctlog as much in rear 

as in front 



On examining this Table it appears that all the projectiles but one strnck with "work" 
slightly under that which was required, viz. 552 foot tons ; and that 542 tons is only just capable 
of piercing a 4'5-in. plate. Thus in most instances the shot, after penetration, rebounded, and 
fell in front of the plate, showing that they had expended almost their entire force in the penetra- 
tion. As 552 tons was calculated on data suppliea by a shot, round 1008, which penetrated, and 
had some little force left in it, it is to be expected that a force of 542 tons should act as ^it did. It 
appears that a reduction of two ounces in the charge, and consequent diminution of " work " to 
525 foot tons, was sufficient to prevent complete penetration, round 1161, although it apparently 
required but a small blow with a hammer to separate the piece of plate at the back of the point 
stnick. As this effect was produced by the shot moving with the highest velocity, it is a con- 
vincing proof that, with steel shot, the penetration is not proportional to a higher power than the 
square of the velocity. 

From these experiments the following practical conclusions may be drawn when the projectiles 
are fired direct : — An unbacked wrought-iron plate will be perforated with equal facility by solid 
steel shot, of similar form of head, and having the same diameter, provided they have the same 
vis vifM on impact ; and it is immaterial whether this vis viva be the result of a heavy shot and 
low velocity, or a light shot and a high velocity, within the usual limits of length, and so on, which 
occur in practice. An unbacked iron plate will be penetrated by solid steel shot, of the same form 
of head but different diameters, provided their striking vis viva varies as the diameter, nearly, that 
is, as the ciroumference of the shot. That the resistance of unbacked wrought-iron plates to 
absolute penetration by solid steel shot of similar form and equal diameter, varies as the square of 
their thiclmess, nearly. 

These experiments have proved that, although in the case of cast iron a light projectile moving 
with a high velocity will indent iron plates to a greater depth than a heavier projectile with a 
low velocity, but equal '* work,'* it is not as necessary that there should be a high velocity when 
the projectiles are of a hard material, such as steel and chilled iron ; and this result will be much iii 
favour of rifled guns, by enabling them to prove effective with comparatively moderate charges. 

Putting these results in an algebraic form, and taking the units as the pound and the foot, 

^=2irK*6«, [1] 

where W = weight of shot in lbs., v = velocity on impact in feet, g = the force of gravity, 
2 B = diameter of shot in feet, 6 = thickness of unbacked plate in feet, A = a coefficient depending 
on the nature of the wrought iron in the plate, and the nature and form of head of the shot. 

The shot is supposed to be of the best quality of steel, and the plate of the best quality of 
wrought iron. 

K 2 
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Solving equation [1] for b, 

and for k. 



^^s/l 



w 

irRyA' 



A = 



Wfj» 



[2] 



[3] 



4irB9&S 

In Older to determine ^ a aeries of equations oan be formed of the following conditions : — 
4irRgf6«*-.Wi«i« = 0, 4irB,^6»*-W,V = 0, 4irR,gf6«*- W,t>,« = 0, &c. &c. &o. 

Substituting the experimental values of the different quantities, and eliminating ^ it will be 
found that for hemispherical-headed shot k = 5,857,200. 

Having thus determined the value of ^ the work necessary to penetrate any unbacked plate 
of given thickness can be calculated. 

Thus, to determine the \Dork required to just penetrate a 5*5-in. plate, with a hemispherical- 
headed steel shot of 6*22 in. diameter, 

R = 811 in. = 0-25917 ft. h = 55 in, = 0-45833, k = 5,857,200 ; 
and substituting these values in equation [1], 

^ = 1,832,522 lbs. = 818 foot tons. 

It will be seen that round 765, consisting of a spherical shot of 35 '56 lbs. and 6*22 in. 
diameter, moving with a velocity of 1829 ft., and consequent voork of 825 foot tons, just penetrated 
a 5*5-in. plate. This Moork is practically the same as that nven in the above example, as a 
difference of 5 ounces in the weight of the shot would have reduced its vaork to 818 foot tons. 

Obliqve ^ire.— Suppose the plate set at an angle, or the gun fired obliquely at an upright plate. 
The shot has then a tendency to glance off, and continue its motion in a new direction. 

The force with which the shot, acting obliquely, will strike, is to that with which it would 
strike if acting directly as the sine of the angle of incidence is to unity. That is, the shot 
striking in a slanting direction may be supposed to have opposed to it a plate of a thickness equal 
to the diagonal formed by the line of direction. 

Table E. — Showino the results of Pbacticb with Steel Pbojeotiles fised at 4* 5-inch 

Unbaoxsd Plates, placed at an Angle. 





Taboet. 


OUH. 


CRABflB. 


PBOJBCrZLB. 


ll 


li 

a g 


Foot Tons per 
InchofSbofs 
Ghcmnferenca 




■ 

1 


Brand of 
Powder. 


Natnre 

and 
Length. 


1 


^ 


Obbbbyid BrFBcm 






lbs. 






Um. 


in. 


feet. 








I 


4 *6-lnch un- 
backed plate 
at an angle 
ofsso. 


TO-pr. X I. 

Armstrong 

competitive 

gun. 


14-0 


Bifle 


Cylin- 
drical 
steel 
shot 


tO-0 


••84 


1470-0 


1049 


62*7 


Struck centre of plate; made 
an Indent 16 in. long and 7 In. 
broad, and a hole about 2 in. 
square through the plate. Two 
large pieces were torn off the 
back of the plate and driven to 
the rear, abai broke up. 
























2 


• • 


1 1 


• 1 


1 • 


• 1 


1 • 


t » 


If 


* f 


1 f 


Made an indent 14 hi. long, 4| taL 

deep, and Of in. broad ; plate 
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Bqmtkm [1] will therefore become WV ZtH*** 
2ff ° Biii.«» ' 

It appeara bom thie that the redstance of the plate increasea as the Talae of 9 
It hu already been shown that a 4-5-in. onbocked plate irheu tied at direct, 



by 28 foot 



e ponetretion. 



requires a foioe 



with the ground. ¥vim equation [4] the force reqaired to penetrate it in this position amoimta 
to 1445 foot tons for a ahot of 6' 22 m. diameter, or 73-9 toot tons pec inch of shot's circumferenoe. 

An aiperiment of this nature wss acloally tried by the Armstrong and Whitworth CoDunittee. 
They caused 1'5-inch plates to be set np at an angle of 62^ with the vertical, and flred at them 
from !00 jvids' distance with the oompetitiTe Armstrong and Whitworth guna. 

Table E givia the reenlts of this experiment. 

It appears that the projectUes were solid steel shot of TO lbs. weight e^d 6-34 in. diameter; 
that they struck with a "work" of 1049 tons, or 52'7 tons per inch of shot's circumference, and 
that they faiied to paia Orough, although the plate was cracked and opened at the back. 

In all these experiments it is to be observed that the life of a smooth-bored gun firing chargee 
of ^ the spherical steel shot's weight will be more than equal to that of a rifled gun firing charges 
of J, if the guns are of equally good oonstniction. Cooseqaentlj, that the work doue by the smooth- 
bore in theae examplea is not to be taken aa abaolnte proof of what might be doue with hi{^iei, yet 
safe charges. 




■platee, and npoD anooDr- 



184 ASMOTTB. 

Figa. 802 and 303 repreaent a croe»«ectioD and plan of the uiiHniT<pkted Britiih reatela 
'Warrior,' ' Black Prince,' ' Defence," 'AoliillM,' ' Resistance,' ' Hector,' ' Valiant,' and ' Prince Albert.' 
The ships thenuelTeB are coostructed of iron plates, |-in. thick, and rtrenglhened by iron ribs 
at intervals of 18 in. Outside tbese platee are two Uyers of teak-))1ankinj;, making together a 
thickness of 18 in. Outside the planking, rolled iron plates, 4} in. in thickness, are placed, and 
the whole stroeture is BtrenRthened and held together by strong iron braces. From^ various 
eiperiraentB made by the Britiab Government, it has been found that a 7-in. rouizlo-Ioading gun, 
of 130cwt., with a solid sliot of lOOIbs., with a charge of 25 lbs., is capable of piercing the side of 
the ' Warrior ' up io a range of 600 yards. 

The 100-pounder smooth-bore gun, 9-in., of 125 cwt., with a solid spherical steel shot of 104 lb«, 
and 25 lbs. charge, is not capable of piercing the ' Warrior ' at any distance over 100 yards. 

The 9-22-in. rifled gun, of 12 tons, with a solid elongated steel shot of 221 lbs., and charge of 
Mlbs. is tapabluofpiercing the 'Warrior' up to 2000 yards. The 10-5-in. rifled gun, of 12 tona, 
with a solid elongatfJ atee! shot of 301 lbs., and charge of 45 lbs., is capable of piercing the ■ Warrior' 
np to a range of 2000 yards. All these assertions of piercing at lon^ ranges, for example at 
2000 yards, are given from calculation, not from actual eiperiment, and ignore the angle at which 
the shot must strike, owing to ita trajectory at these ranges. The American 15-in. gun, of 22 tona, 
with asphericalsteelBhot of 481lbB.. andacharceof 50lba., ia capable of piercing the ' Warrior 
up to a range of 500 yards. The American amooth-bore ll-in. and 9-in. guns, flrod wilb solid spherical 
»teel shot and their Tnmimiim charges, are not capable of piercing the ' Warrior ' at any range. 



m^ 




Figs. 304 and 305 are a cross-section and plan of the ' Hmotaur ' 'Agincourt/ and ' Nortbomber- 
land.' The inner skin of these veesela is the tnme as that of the ' Wamor.' The backing oonsisis 
of 9 in. of teak, and is covered outside with platee 5} m thick This armour-plating is &at«ned 
t^ three rows of heavy coued bolts, most of which pass through all the skins. A atrip of iron 
1 -25 in. thick is fastened in rear at the junction of the plates The rest of the oonstruction ia 
similar to tliat of the ' Warrior.' 

From eipcrimeots made on a target of this construction, the results obtained were nearly the 
same as those obtained from the 'Warrior' target. 

Pigs. 306 and 307 show the construction of the ' Belleroplum ' target n is a plate 6 in. thick, 
forming the eiterior oovering, which is followed by a lO-in. hocking of teak, worked longitudi- 
nally on the skin-plating, between the angle-iron stringers, and bolted with nut and screw bolts 
through the akin-plating. The latter is composed of two tbicknessee of {-in. plating, with a layer 
of painted canvas between. The target is ahown in the figure as it was erected for the purpose of 
experiment, supported by the Fairbaim target, so as to resemble the conditions of a ship's side as 
nearly as possible. This target was not subjected to a severe test : the most severe blow it was 
subjected to being from the 10'5-in. rifled gun, with a spherical steel shot of 165 lbs., and charge 
of 35 lbs. 

This shot failed to penetrate the target; bnt there ia no evidence to prove that the 10'5-in. 
gun would not have penetrated with a charge of 50 lbs. 

Figs. 308 and 309 are a cross-section and plan of the British men-of-war ' Lord Warden ' and 
'Lord Clyde.' The frame-timbers of these ships are of English oak, 124 in. thick, and are connected 
by iron diagonals 6iu. by l}in. The inner planking is of the best English oak, 8 in. thick, and 
is covered with an iron skin of 1} in. The outer teok-planking has a thickness of 10 in., alul the 
armour-plate protecting it of 4f in. The bolts sustaining the armour-plates are 2| in. in diameter ; 
their heads press against iron washers, which, in their turn, rest upon indio-nibb^ washers let into 
the timber. 

From the tests to which this tai^t was subjected, it may be ooaclnded that the 7-in. mnizle- 
loading rifled gun, fired with a solid elongated steel shot of 100 lbs., and charge of 26 lbs., !s not 
capable of piercing the 'Lord Warden' at any range. The 9-22-in. rifled gun, of 12 tons, flred 
with elongated steel shot of 221 lbs., and 44 lbs. charge, is capable of piercing the ' Lord Wu'den ' 
up to a range of 100 yds. 

Figs. 310 and 31 1 show a target, representingtheoonstruction of the French Ironclads 'lAOloire' 
and ' La Fiandre,' both of which are wooden uipa protected by armour-plates placed in four rows. 
The di mwa JOM of the platee forming the two upper rows are G ft. S m. by 2 ft. 7 in., thickneas 



'4) inq and of the two kwer 
iideplankf--'"'- '^'■■- 
piojeetile, 



IT pUnking S fa^ ont- 



.,_ , im.by3tt. SinTthickneasSAin.: 

■ide plankiDg 10 in. Thia target w&a complstel; pieroed by » 259 IM. cjlindric&l chilled cast-iron 
projectile, shot ttom & 9 - 22 in. WTonght-iron rifloi gun weighing 12 tons, with a ohaige of 30 " 




A spherical steel ahot weighing 73-80 Ib«., flred ft 
of 16 IIwt penetrated the annour, driving the piece u 

"■'l^. 312 and 313 show* target rep««eiiting the "T^^'? ♦"^^'^^ "^T^d tte^^rfSf 
Th.e.Tr^.ha.f_orthU^c^ei.^^wj.ha^u^^^^^^ 

■a.jmcK, .'",«»» P'»™»,^^^j^jgjj,^ggp_^tl, vertical teak timber 

'o lininga of horizontal Uak timber 18 in. deep, 

. j_ rrts« ..-..xAiiii-TiiAt^ are secured by 

t the top 51^ in., 



with a eimilar plate 8 — . 

■kin of two l-in. plate*. The whole ia secured U 
worked in between them. Behind th—- "'- ""> ' 



^ed by 7-in. iron rib« inaide a!l, and an inside iron bM. ine "^^-^ 

S-in. boltB. The total thicknera of the target, eic naire of «« J'J"- "^.^ ". J^h oJ lOO'lb^: 

and at the bottom 47* in. A 13-in. '°'^«-l'^°8 "^«^ B-^^f „ o^^XS t^X^ tbS 

«id u ogival-headed' chilled shot weighing 577-5 lbs rtrook *^« ^-^-.n^w^^e^toSS 

thatarsll Another .hot. weighinR 580-51bB., from tlie awne gun, with » amilw charge, ilrooK 



the target Another diot, weighing 580-5 lbs., I 






Figs. 314 Mid 31 5 show a eeclion and plan of the KMslIed S-in. f hield, sonstnieM to t««t the 

effect ot differeat kinds of projeclileB made of steel or of chilled cast-iron. Thii target wu oou- 
itTQcted of S-in. armoQC-plate, backed t>7 18 in. of te«k and ■ }-in. iron alrin, saonred to iron riba 12 io. 
apart. The object of this experiment was to obtain a shield sofBcientl; strong to resist or heep oat 
steel prnjectiUs of 250 Iba., fired at 200 jda. from the 9-in. munle-loading rifled gun with 43 lbs. 
of powder, tbe bead of the projectile beinf; ogivsl, struck with a radios of one diameter. 

The results of the experiments upon this target were, that it was proof agsinsl all projectileB 
when flred at obliquely ; that it was not penetrated when fired at direct, except by the Pallisar 
chilled projectile, which completely pierced the target. Thej proved that a pointed proiectile 
7'92 in. diameter can cut a bole in an 8-in. plate, provided it stnke with tbe necessary work. 

Laminattd .XrmDur.'-Laminsted armour consists of a number of thin plates bolted together, aa 
as to form a shield of a certain total thickness, which depends on the number end individual thick- 
nesses of the plates employed. This description of inm-platiDg has been extensively used io 
America, on aocoimt of its cheapneei and facility of construction ; it, however, offers much less 
reoistauoe to shot than solid plating, at any nte while placed in clc«e superposition. 
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For.expeiimsnia on this mbjeot the targeti were oompawd aa foUoira : — 

No. 1 iWget DonBifltedof oevQTi |-m. wrouffiit-iron plates, all breaking joint, faced mth a 1'3 in. 
wioi^ht-iron plate, the whole fastened together bj I}-in. rivets and acrews, 8 in. apaii. 

Ine target meaanrcd 12 ft. x 9 ft. x 6 in., and was fixed to an aprigbt wooden frsme. 

Ho. 2 TWrget was compoeed of thirteen (-in. plates, faced with a 2-iii. plate, ajid secured uid 
npported in a dmilar maimet to No. 1. The tai^t measured 12 ft. x 9 ft. x 10^ in. 
Taslr p.— Showino thk Emerfi or Fim aoaww Lamisated Ahmoitb. 
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From these mmlts it appean that laminated c 



>^. 316 represents Chaloiers' sTBtem of annonr-plating. A target upon this ByBtem, which had 
a 3{-in. annour-plate, a comiiouiid Wkiug, a aeoond plate and a oushkni, with stringera ranning at 
right angles to the ship's rrEuuee. between the second plate and the shin, the stringers being 
rJTeted to the latter, when fired at with steel and cast-iron projectiles from the following guns, — 
68-pounder smooth-bore, with cast-iion shot and shell, 16 lbs. charge ; lOO-poonder Armstroflg, with 
cast-iron shot and shell, 12 and 14 lbs. charges ; 800-ponnder Armstrong, with cast-iron epnencal 
shot, 501b. charge; and lastlj, with solid steel shot, 301 lbs., ftom a 300-poiinder Armstrong, with 
45 lbs. charge, — proved that this systeni of backing affords great support to the annoDP-platea, and 
prevents their distortion from buckling. It is also of ooneiderable Mvantage in adding strength 
and resisting power to the structure, uid no other target designed for naval purposes tuw resisted 
so great a weight of shot with so little injxaj. 




:;. S17 i« a sketch of the annoor applied to the vetsel 'Olatlon.* Itoe 
d b7 16 to 20 in. of tc*k npon an iron skin 2 in. thick. 



The armour used Id Teseebi of the \aige 'Momtor' type la Bhown in Fig. 318, and ia fonned of 
IS-in. platSB, biUiked by 2 ft. Sin, of teak upon two iron akim, shown at x, each 1 in. in thickncM. 

Catt-inm ProjectiUt ai ^^^ 

compared ui'ti Sleet of the 
tame Site and Form.— The ' 

difference between the 
effects of caai-iion and iteel 
ibot upon armour-plates ia 
moat marked. The latter 
material ia the Dearest ap- 
proach to perfect bardne^a 
and cohesion at present iu 
use, and the amonnt of uwi 
expended on the abot ia lesa 
with steel tban any other 
known material. With or- 
diiiarj cast - iron, a large 
amount of vtori is expended 
in breaking up the projectile 
and hurling the fragmento 
in all directions; but when 
steel abot are manufactured 
in the best manner, little 
the 




e a 12-1 



-pound 

>ndira 



it of vori lost by the breaking 



projectile; and ii 

that after passing thn>iigh 2J in 

experiments have been made with a view of aacertaini 

up of caat-iroo, alteration of form in steel shot, and so on. 

The following Table sbows tbeabaolute thickness of plate which can be penetrated by cast-iron 
shot fired from various guns with servic&charges. The guns were at a distance of 100 yds. from 
the plates, with the exception of the 66-pouDder, which was at 200 yds. 
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U the results given by this Table ore compared with the effect of steel pnijectUea, it will appear 
that the cast-iron shot requires about 2} times the work of the ateel shot to effect the aame peao- 
tration, except whta the velocity of the cast-iron shot is high. 

Hero observe that the distance of the 6a-pounder was double that of the other gnn», and that 
bein^ a caat-iroo 68-poniiderj it was flred with a weak charge compared to what it would hove stood 
had it been a modem smooth-bored wrought-iron gun, iu which case the charge should have been 
24 lbs., the velocity 1700 ft. per second at 100 yarda" range. 



Table H.— Seowiho ihb DirrEHiaicE betweeb the Emcra pboduoed bt Cabi-oos amd 
Stesl Shot when Fibes a-t Iboh Plates. 
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40-pr. ., 

6fr.pr. smoDth-bore. 
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It will be seen that it is alnuHt oseleaa to flrecMt-inm projeotilel ttgaiUEt iron defenoea, if 
pmtrntion is required. Aa Bteel in ft most eipeoBive mnteriftl for shot, and it has been proved tn&t 
chilled iron is Hlmoat an gpoi an itteel, chilled inui will most probably be the gmerallj used 
ntaterijil for projeDlilBB for battering purpofles. 

The proper form of front or head to be Riveo to hardened projectilea ha«beena matter of mncfa 
diapate. It has been found in practice, bowever. that the pointed form is the beat. The flat- 
headed or round-headed shot punches out a piece of the armour-plate, Fi^ 319, 320, and drives it 
into the backing ; the shot has no means of ridding; itaelf of this piece of annoor-plate, and Au> tu 
piuA it in fnml of it through the baching. Thus in targets penebated by flat-hraded Or round- 
headed shot it bat tJwajrs been found that the piece «/ armoar-ptatt Aot pantd through the target aiotig 
Kith the ihot. 





Q9 




There is another disadyaDtage which the blunt-headed form labours under— the tendency to 
•et up or bulge at the head; and this result ia often rety marked. A pointed head, on the 
eontrary, does not "set up" to anything like the same extent; and almost all those which have 
been fired have preserved their points intact after passing throneh the plates, see Figs. 321, 322, 
323. When, however, the shot is of the form of a pointed ogiv^ the results of its «^tion sje far 
diferent. This projectile cuts through the armour-plate, or rather tears through, and the plate w 
bent hack, and forced into the backing round the edge of the hole ; the shot thus pa«ei through 
the backing without carrying any jagged armour in front of it. Fig, 319. 
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The following Table K, gives the reeulta of aome late ezperimenta, which dearly show the 
great snperiority of the pointed head. 

In these experiments both steel shot and Palliser's chilled shot and shell were nsed. All the 
projectiles were fired from the same gnn, under the same circumstances, the velocity of each round 
being observed. The targets consisted of a structure representing the side of an iron-dad vesady 
prot^ted by solid plates of 6 in. thickness, backed by 18 in. of teak, an iron skin of two )-in. 
plates, the usual iron ribs, &c. Ac. A second target of unbacked 4*5-in. plates, inclined at an 
angle of 38^ with the ground, was erected at the same distance. 

The projectiles were of a mean weight of 115 lbs., and of the following forau of head : — 

i^ PaUiaer^a ChiUed Shot 

1. Ogival head, struck with a radius of one diameter, and brought to a point. 

2. Belgian form, head struck with a radius of 1*47 diameters, and pointed in the shape of 
a cone. 

3. Elliptical, the height of the ellipse being equal to the diameter of the projectile. 

For Steel Shot 

1. Hemispherical. 

2. Ogival head, struck with a radius of one diameter, and brought to a point. 

Table E. 
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The experiments against iron-plated targets seem to demonstrate the superiority of elongated 
oyer sphencal projectiles, when the shot or meU are made of a hardened material. 

The principal objections to the spherical, as compared with the elongated form, may be 
enumerated as follows : — The form is ill adapted for penetration, either in the case of steel or 
chilled iron projectiles, which require a pointed cylindrical form to develop their full power. The 
diameter being larger in proportion to the weight, the projectile experiences a greater resistance, 
both from the air in its flight and tram the plate on its impact. The range and accuracy is con- 
siderably inferior. The capacity of the projectile, as a shell, is much less. Elongated projectiles 
have been found to be less liable to alter their shape on impact ; and the cylindrical form is much 
better adapted for steel or chilled shells, which, as spherical, would be almost worthless. 

But it IB to be remembered that neither has the target been fully worked out as a 8cie»ttfi& 
application of strength, nor have any satisfactory experiments been made as to the effects of a 
different mode of attack — that is, that which would rack in the fullest degree, by simultaneous 
blows — against the present system of penetration by separate shot. And this is tne more impor- 
tant, since no great naval battle has been decided except at close quarters, where range and 
accuracy are tlm)wn aside, and the victory belongs to those who hit hardest at short ranges with 
whole broadsides delivered at once. Here the superior velocity obtainable in all cases with 
spherical shot, up to 800 yds., would not fail to give more work, particularly if one-third of the 
shot's weight of powder be used as a battering-charge, which may wdl be done in modem guns. 
See Abtilleby. 

It should be taken into account, that if armour-plate be driven in or penetrated at short 
ranges by even spherical shot, shell effects follow, — tiie pieces of armour-plate, nuts, q^linters, 
&c., doing all that could be expected from any shell ; and that at long ranges all shot will strike 
at an angle with the horizontal, and any shot may strike the deck or masts even more probably 
than tl^e armour-plate. The most complete armour and the cheapest that a ship can have is the 
power of sinking, so as' to expose but little of her hull out of water. 

Figs. 324, 325, 326, represent the construction of the ' Buffalo ' and the ' Tiger,* ships recently built 
for the Dutch Grovemment ; the former being a ram and monitor combined, and the latter a monitor. 
The dimensions of the 'Buffalo' are :— breadth 40 ft., length 205 ft., depth 24 ft., tonnage 1472, load- 
draught 15 ft. 6 in. The dimensions of the ' Tiger ' are :— breadth 44 ft., length 187 ft., and depth 
11 ft. 6 in. Both vessels carry turrets of the same construction and dimensions, 6 ft. above the 
upper deck, and 22 ft. in diameter ; pierced for two g^uns, and fixed upon a circular platform upon 
tne main deck. This platform is moved by means of machinery similar to a railway turn-table, 
and can make one revolution in 45 seconds. The wall of the turret consists of 8-in. plates of 
malleable iron, 12 in. of teak, and 1-in. plates of wrought iron, making a total thickness of 21 in. 
Each of the 8-in. plates is 14} ft. by 3 ft., and forms one-fifth of the circle. There are ten of 
these plates in each turret ; they are secured to teak-backing by nut and screw bolts with '* elastic 
cup-washers." In the * Buffalo,' Fig. 324, a low wall rises out of the deck : it is of the same 
composition and thickness as the turret, the bottom of which it surrounds, and which, as well as 
the turning machinery, it protects. The outer skm of the vessel, for about 100 ft. amidships, is 
composed of 6-in. armour-plates, tapering off to 4} in. forward and 3 in. aft, laid on 10 in. of teak 
amidships, tapering off at each end to 8 in. 

Works relating to Armour: — * Report of the Secretary of the Navy on Armoured Vessels,' 
Washington, 1864. Norton and Valentine, ' Report on the Munitions of War at the Paris Exhi- 
bition,' royal 8vo, 1868. Disl^re Note, ' Sur la Marine des ^tats-Unis,' 8vo, Paris, 1867. Captain 
Noble's *■ Report on the Penetration, &c., of Armour Pl&tes,' foL, 1866. 

See also: — Humber's * Record of Modem Engineering,' fol., 1863. * Revue Maritime et 
Goloniale.' * Journal of the Royal United Service Sistitute.' 

Arbastbe, in Gold-mining. 

ARRASTRE. Fb., Moulin a mulet mexicain ; Ger., Mexicanische Quartz Muhle ; Ital., Aia da 
quarzo; Span., Arrastre. 

The arrastre consists of a circular pavement of stone, about 12 ft. in diameter, on which the 
quartz is ground by means of two or more large stones, or mullers, dragged continually over its 
surface, either by horses or mules, but more frequently by the latter. The periphery of the 
circular pavement is surrounded by a rough kerbing of wood or flat stones, forming a kind 
of tub alx>ut 2 ft. in depth, and in its centre is a stout wooden post, flrmly bedded in the ground, 
and standing nearly level with the exterior kerbing. Working on an iron pivot in this central 
post is a strong upright wooden shaft, secured at its upper extremity to a horizontal beam by 
another journal, which is often merely a prolongation of the shaft itself. This upright shaft is 
crossed at right angles by two strong pieces of wood, forming four arms, of which one is made 
sufficiently long to admit of attaching two mules for working the machine. The grinding is 
performed by four large blocks of hard stone, usually porphyry or granite, attached to the arms 
either by chains or thongs of raw hide, in such a way that their edges, in the direction of their 
motion, are raised about an inch from the stone pavement, whilst the other side trails upon it. 
These stones each weigh from 300 to 400 lbs., and in some arrastres two only are employed, in 
which case a single mule is sufficient to work the machine. 

Fi^. 327 is a sectional view of a Mexican arrastre, in which A is the upright shaft ; B, arms 
to which mullers, C, are attached ; and D, the central block of wood in which the lower bearing 
works. 

Some of the arrastres used by Mexican gold miners, and for the purpose of testing the value of 
Quartz veios, are very rudely put together, the bottom being made of unhewn flat stones laid 
down in clay ; but in a well-constructed arrastre, intended to be permanentiy employed, the stones 
are carefully dressed and closely jointed, and, after being placed in their respective positions, are 
grouted in with hydraulic cement. 

The charge for an ordinary arrastre is 450 lbs. of quartz, previously broken into pieces of 




kbont the siie of pigeoni^ e^. The TOHhiiie is now set in motioti, a little water being from time 
to time added, and at the eipiration of Cram four to five hours the qnarti has become reduced (o a 
flnelj-divided gtate, and more water is 
added, until the contenta of the arrastre 
■Bsnme the coruiatenc; of tolerabl; thick 
eteam. Quicksilver is then sprinkled 
over its surface to the amnimt of 1} ax. 
for everj ounce of pild anppoeed to be 
contained in the Snely - divided rock, 
which ia genetaliy known, with a con- 
siderable degree of accuracy, from the 
results obtained from previous charges. 
The grinding is after this oontinued for 
another two hours, during which time 
the mercury is divided into minute 
globules, uid becomes diBsemioated i 
thronghout the mass, which should be ' 
of such a consiateDcy as not to allow I 
it to sink to the bottom, but be so held 
in soBpengion as to meet, and amalga- 
mate with, all the particles of gold. At 
the expiration of this time the amal- 
gamation ia considered complete, and 

the process of settling the amalgam from the ground silicioiis matter is commenced. Water is 
now let into the paste so bb to render it very thin, and perfectly mobile, the mules being driven 
TeiT ilowly, in order to allow the psiticlGs of gold and amalgam to yield to the inflneuoe of 
their denaitiee, uid to sink to the bottom. After having in this way slowly agitated the mix- 
ture for about half-an-honr, the thin mod ia allowed to nm off, leaving behmd it, in the bottom 
of the arrastre, the gold Combined with mercury in the farm of amalgam. Another cbai^ of 
broken quartz is now put in, and the operation is repealed, time after time, until it is thought 
desirable to stop for the purpose of cleaning up. Id the rough! y-constmcted arrastre, having 
a bottom of uncut stones laid in clay, the run ia seldom less than ten days, and ia sometimes 
extended to three weeks or a month. Id this case the amalgam settles in the crevices betwerai 
the paving-stoDea, which bate to be dug up, and all the send and mud between them care- 
fully waahed. If, however, the machine ^ well constructed, and provided with a closely-paved 
bottom, the cleaning up is more frequently repeated, aince the quicksilver and amalgam do 
not find their way so readily between the atones, but remaio on the surface, from which Uiey are 
easily collected in an iron veasel, for aubaoquent treatment by straining and retorting. 

The arrastre does ita work alowly, and consumes a large amount of power in proportion to the 
quantity of rock cruahed, bnt ia an excellent amalgamator, and ia often valuable for the purpose c^ 
testing newly-discovered veins, and aacertaintne their approximate yield. It ia also the arrange- 
ment moat comtnoDly adopted by a miner, who, having found a rich pocket in his vein, ia desirous 
of converting a portion of it into money, and of ascertaining whether it be likely to conlinne 
pfodnctive, before incurring the expense of erecting more costly and complicated apparatus. A 
modification of the arrastre is not unfrequently employed Eor the treatment of pyrites separated 
from tailings bv washing, and ia generallv considered to be well adapted for that piupoee. 

ABBie. Fb., Arile : Qer., Jianle ; Ital., Spiijolo, Sisega ; BpAN., Vim. amta. 

The angle farmed by the meeting of two surfaces which are not in the esme plane. In 
builders' work any angle which retains ita original sharpnesa. With workmen the term "arris" 
has only one dimcnaion, that ol length, in which it differs from the word " edge," which usually baa 
two dimensions, n't. length and tbickness. The junction of two sidee of a square stone is called 
ita arn'f, bnt the side of least dimensions of a board or a stone slab is called its edge. 

ABBIS FILLET. Fb., Senurt anguhin ; Okr., Scharf- 
haiiiger Voripmng ; iTiL., Corrmtt triangotare ; SpAH., FiUte de 

An arris fillet is a alight piece of timber, triangular 
tioo. used to raise the alatea ot) a roof where they are cut by L 
a chimney-abaft, akylight, or wall, when it cuta the slatea 
obliquely ; the object being to throw off the wet which would 
otherwise find its way under the flashing. See Fillet. 

ARRIS GUTTER. Fa., Oontlieri aiujulairt ; Gee.. Scharf- I 
hmlige Daehrinne ; iTAL., Goma a y ; Span., Goterv de forma \f . ' 

An arria gutter is a gutter formed to a V-*^P^ usually of 
wood, and Sled to the eaves of a building. 

ARRIS BAIL. FR.,Omiertmgulaire; Gee., fonlnucAiVw; 
Ital., Regoh iriangalare ; 8faH., Rail de forma y . 

An am') nii7, in carpentry, ia a rail cut to a triangular aec- 
tion, and when fixed to posts, aa Fig. 328, shnwa the arria in front with an oblique surface oi 
tide. A flat rail, or one with a rectangular section, would be called a riftaivJ, if used 
ia a palisade, 

ARRI8-WIBE. Fb., En DiagonaU; Ora., Ectatiie! Ital^ A Mtce; Spak,, 




A balk or piece of 'squared timber sawn diagooelly, Fig. 329, is said to be cut 
arris-wise." 
In bricklayers' work, tiles laid diagonally. 
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ABSENIO. 

Fb., Anenia ; Obb^ Anmik ; Ital^ Artenico ; Sfam, Artcniao. 

Araeuia is a metal of a, steel-gre^ oolonr, and brUlittnt lustre, though usually duU from tsmiill. 
This metal is uauall; obtained from arsenious acid, and the latter by calcination from native 
arseninreta, auck na those of iron, copper, and otber motala. Hence it is, in moat caaas, a aeooiulBTjr 
product. Yet much of Ihu arscniouB acid of commerce is manufactured from iron pyritei, vhich, 
when the areenio is eitmcted, aerrea no otber purpoBe. Arsenic entem as an important agent 
inb) many brancbea of art, and is a usefol metal in forming fusible alloys. 

The metal arsenio is not poisonous, but one of its oxides (arsenious acid), formed by its oom- 
bnstion in air, is extremely so ; and in operating either with the metal or tbe acid some caution is 
required on the part of tbe operator. When arsenious acid is operated on, if we moisten it, the 
inhalation of the dust is prevented. And when an alloy of arsenic is melted and operated on, the 
vapours of the metal ore made harmless when the operator All" hia mouth witb grams of charcoal, 
renewing them from time to time. This charcoal will absorb any arsenic which may accidentally 
enter the organs of tespiration. Arsenical pyrites is the common ore of this metal. It ia hers 
combined with iron, aflver, gold, bismuth, and antimony. In all cases of its application in 
practice, we may consider tiie arsenious acid as the only ore; and aa this is obtained as a 
secondary product in tbe calcination of cobalt ores, we shall include the descriptioii of ib mann- 
facture in the article ou that substance. 

The arsenious acid of oommerce is white, glassy when fresh, but generally opaque when 
brought into market for sale. For metallurgical purposes no arseoious acid in powder ought to be 
Qsed, for it is frequently adulterated with gypsum or other matter. The commercial article ia 
always more or less perfectly glassy or milky, or transparent in the interior of the flat pieces, while 
on the exterior it appears ornqne; it is generally vitreous throughout its whole mass. It is 
slightly soluble in water. About ten parts may be dissolved in boiling water ; this qnantitj, 
however, depends on the amount of acid present. Water never disaolves the whole of it, even 
when less than the above quantity is exposed to its action ; it will dissolve more when a large 

Quantity of acid is afforded. Arsenious acid consists of 7S'S metal, and 21' 19 oxygen. It sublimes 
1 open vessels at 380° ; it ia decomposed by hydrogen, carbon, sulphur, phosphorus, and soma 
metals, such aa lead, iron, sUver. ic. 

netal arsenic is easilj obtained pure when arsenious acid is mixed with fatty oil, o 



red heat, while the apper oi 



cold parts of the heated tube. In large quantities it may be obtained by mixing a 

witb coarse charcoal-powder, or what is better atill, caJm — small fragments of bitun 

Mid exposiiig it in a large cmcibla to a red heat This crucible is covered by a seoond oi 

shown in Fig. 330, and well luted; the lower pot is exposed to ' ' ■ ' ' " 

kept cool. The metal thus formed and 

evaporated will condense in the upper mt, 

from which it is easily separate], when 

cold. The same operatinn may be performed 

on arsenical pyritee, without carbon; and 

tbe metal is obtained in a similar manner. 

Iron, nickel, and other permanent metals 

remain in the lower pot, combined with 

The metal is of a high lustre, and 
greyish-white; its speciflc gravity is 6-70. 
Its weight and lustre increase with its 
purity. It evaporates without melting ; and 
its vapoDTS, which smell strongly of garlio, 
are sometimes confounded with these of 

fihosphonis. Arsenious acid does not smell ; 
I is the metal only which emits this odonr. 
It Is not ductile, nor malleable, and may ho 
converted into fine powder in a mortar. It 

is highly combnstible, and deflagraten when j^,^ 

either mixed or heated gently with salt- ^ 

If this metal, in its pure state, ia of little interest to the metallurgist, its alloys are of much 
value. All metals, without an exception, are made more fusible by the addition of Euvenic; in 
some instances its influence is remarkably distinct. The alkaline metahi combine with it with 
great facility, even when it ia simply heated with the oxides of those metals — such as potaaaa or 
soda. It requires extreme caution to operate on these alloys ; that is, on those of the alkaline 
metals and arsenic, because they decompose rapidly in damp air, aud evolve arseniuretted 
hydrogen— a virulent poison^he effect of which resiats the most refined skill of the physician. 
Ia combination with lead— in shot— arsenic is harmless ; and also in all componnds of the proper 
metals, when its quantity is not toohu^. Aluminum, and all the metals of this class, combine very 
readily with arsenic. In fact, all metals oombioe essily with arsenic, but they are quite as ea^y 
decomposed. The decomposition of arsenical alloys is effected by merely continued heat, and, with 
the exception of silver, in a short time. The higher the degree of heat is, so much shorter is tho 
time in which the act is accomplished. When it is desirable to retain arsenio in the oomposition, 
it is neoessary to melt the metals at as bw a heat as possible. The oombination of arsenic with 
other metals is as easily performed as the deoomposiCiou. Metallic arsenic and lead cannot 
be combined directly ; but when melted lead is covered by araenions acid, some lead is oiidiied, 
and in its place arsenic is absorbed. In the same manner, other metala, which melt at or near tha 
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heat at which anenions aoid Yolatilizes, may be combined with anenio. Iron, ehrominm, copper, 
and others, cannot be alloyed by these means, but they may be effectually combined with arsenio 
in a manner described in our articles on these metals ; and there is no doubt that all alloys of this 
kind are most safely and correctly compounded by that manner — ^namely, cementing the metaJs 
directly, or their oxides, with arsenious acid and carbon, at a heat at which neither the refractory 
metals nor the alloy is melted, and then melt the alloy thus formed at the lowest heat at which 
it will dissolve in a crucible, with the exclusion of oxygen; that is, under a cover of fusible 
glass. 

Alloys of arsenic cannot be converted into vessels in which food for men or animals is pro* 
pared, but it finds extensive applications in other cases; and when its properties are more 
thoroughly understood, it will be still more generally used. In virtue of its property of causing 
the fluidity of metals, when present in small quantities, it promotes the union of those metals 
which, without its assistance, do not unite. Zinc and lead do not unite very readily ; but with the 
assistajice of a little arsenic, both form a firm combination. Iron has no affinity for lead, but 
when arsenic is present it forms an alloy with it. Thus we may form combinations which, without 
the assistance of arsenic, cannot so easily be accomplished. Iron and alumina may be formed by 
melting grey-iron and pure alumina together ; in this case all the impurities of the cast iron are 
in the compound. When pure iron filings or turnings are cemented in alumina, arsenious acid, 
and carbon, and then melted in a crucible so as to expel the arsenic, an alloy of iron and 
aluminum of great purity is formed, which, however, contcuns traces of arsenic. 

Arsenic, like antimony^ has a remarkable tendency to cause metals to crystallize ; but it does 
not make quito as brittle alloys as the latter. In producing a high degree of fiuidity, it admits the 
melting of metals at a low heat, and consequently the formation of miaU crystals and fine grain, 
and enables the metals to contract into a small compass, which causes them to be close and tcy 
assume a high polish. With the closeness of grain, the hardness and brittleness increases. 

Arsenic causes all metals to be whiter than they naturally are. 

ARTESIAN WELL. Fb., Fuits arUsien ; Gsb., Ariestacher Brunnen ; Ital., Pozzo attesiano f 
Spin., Fozo artesien. 

An artesian well is a shaft sunk or bored through impermeable strata, until a water-bearing 
stratum is tapped, when the water is forced upwards by means of the hydrostatic pressure due to 
the superior level at which the rain-water was received. 

When comparing the operations and tools of artesian well-borers, George Rowdon Bumell, in a 

gaper, given in the Minutes c^ the bistitution of Civil Engineers, ^* On the Machinery Employed in 
inking Artesian Wells on the Continent," takes three systems, namely, — ^the Chinese, or Fauvelle's 
system ; the French well-borers', or, rather, the usual well-borers' system ; and Kind's system. 
Of these, the system of Fauvelle was at first much patronized by Ajago and by Dr. Buckland, 
but it is now verv little practised on the Continent, and not at all in Great Britain. The prin- 
ciples upon which it was founded were, first, that the motion given to the tool in rotetion was 
simply derived from the resistance that a rope would oppose to an effort of torsion ; and, therefore, 
that the Hmite of application of the system were only such as would provide that the tool should 
be safely acted upon ; and, secondly, that the injection of a current of water, descending through 
a central tube, uiould wash out the detritus created by the cutting tool at the bottom. The 
difficulties attending the removal of the detritus were enormous; and, though the system of 
Fauvelle answered tolerably well when applied to fallow borings, it was found to be attended 
with ^ch disadvanteges when applied on a large scale, that it has been generally abandoned. 
The quantity of water required to keep the boring-tool clear is a great objection to the introduc- 
tion of this system, especially as in the majority of cases artesian wells are sunk in such places as 
are deprived of the advantage of a large supply. 

In the ordinary system of well-boring, the motion of the tools used for the comminution, or for 
the removal of the rocks, is effected by the use of solid iron rods, connected with the upper parte 
of the machinery, so that the weight of the rods, and the weight of the tools themselves, increase 
in proportion to the depth of the excavation. It follows from this fact, that where the excavation 
is very deep, there is considerable difficulty in transmitting the blow of the tool, in consequence 
of the vibration produced in the long rod, or in consequence of the torsion ; and, for the same 
reason, there is a danger of the blows not being equally delivered at the bottom. It has been 
attempted to obviate this difficulty by the use of hollow rods, presenting greater sectional area 
than was absolutely necessary for the particular case, in order to increase their lateral resistence 
to the blows tending to produce vibration. The trepan is made so as to fall from a height of 
2 feet, but the disengagement of the machinery is effected by the reaction of the column of water 
that the trepan works in. The majority of well-borers have, in many instences, used the hollow 
rods filled with cork, or with similar substences, and they have also tried the Euyenhausen joint ; 
but they do not appear to have made so much use of Kind's system for removing the producte of 
the excavation, ana they more frequently resort to augers and chisels. 

The first well that was executed of great depth, and which gave rise to the adoption of tools 
which directed public attention to the art of well-boring, was that for the city of Paris by Mulct, 
at the Abattoir of Grenelle. This was commenced in the year 1832; and, after more than eight 
years' incessant labour, water rose, on the 26th of February, 1842, from the totel depth of 1798 
feet. Subsequent to this, many wells have been sunk on the Continent, with the hope of atteining 
the brine springs so often met with in the Bhine provinces, or the springs destined for the supply 
of towns, and which are even deeper than the well of Grenelle, reaching in some cases to the 
extraordinary depth of 2800 feet ; but all of them, like the Grenelle well, of small diameter. In 
their construction, however, the German engineers introduced some important modifications of the 
tools employed ; and, amongst other inventions, Euyenhausen imparted a sliding movement to the 
striking part of the tool used for comminuting the rock, so as to fall always through a certain dis- 
tance; and thus, while he produced a uniform action upon the rock at the bottom, he avoided the 
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jar of the tools. Kind also ^>Q&^ to &pply his system to the working of the large ezoayations for 
the purpose of winning coal. Whilst the art was in this state, and when he had already executed 
some very important works in Germany, Belgium, the North of France, Creuzot, Seraing, &c., the 
Municipal Council of Paris determined to intrust him with the execution of a new well they were 
about to sink at Passy. The well of Passy was intended to be executed in the Paris basin, which 
it was to traverse with a diameter, hitherto unattempted, of 1 mMre, 3*2809 ft.; that of the 
Orenelle well being only 20 centimetres, 8 in. It was calculated that it would reach the water- 
bearing stratum at nearly the same depth as the latter, and would yield 8000 metres or 10,000 
cubic metres in 24 hours, or about 1,786,240 gallons to 2,232,800 gallons a-day. 

The operations were undertaken by Kind under a contract with the Municipality of Paris, by 
which he bound himself to complete the works within the space of twelve months from the date 
of their commencement, and to deliver the above quantity of water for the sum of 300,000 francs^ 
12,000/. On the Slst of May, 1857 — after the workmen had been engaged nearly the time stipu- 
lated for the completion of the work, and when the boring had been advanced to the depth of 
1732 ft. from the surface — the excavation suddenly collapsed in the upper strata, at about 100 ft. 
from the ground, and filled up the bore. Kind would have been ruined had the engineers of the 
town held him to the strict letter of his contract; but it was decided to behave in a liberal 
manner, and to release him from it, the town retaining his services for the completion of the well, 
as also the right to use his patent machinery. The difficulties encountered in carrying the exca- 
vation through the clays of the upper strata were found to be so serious that, under the new 
arrangement, it required six years and nine months of continuous efforts to reach the water- 
bearing stratum, of which time the far larger portion was employed in traversing the clay beds. 
The upper part of this well was finally lined with solid masonry, to the depth of 150 ft. from the 
surface; and beyond that depth tubing of wood and iron was introduced. This tubing was 
continued to the depth of 1804 ft. from the surface, and had at the bottom a length of copper pipe 
pierced with holes to allow the water to enter. At this depth the compound tubing could not oe 
made to descend any lower ; but the engineers employed by the city of Pftris were convinced that 
they could obtain the water by means of a preliminary boring ; and therefore they proceeded to 
sink in the interior of the above tube of 3*2809 ft. diameter, an inner tube 2 ft. 4 in. diameter, 
formed of wrought-iron plates 2 in. thick, so as to enable them to traverse the clays encountered 
at this zone. At last, the water-bearing strata were met with on the 24th of September, 1861, at 
the depth of 1913 ft. 10 in. from the ground-line ; the yield of the well being, at the first stroke of 
the tool that pierced the crust, 15,000 cubic metres in 24 hours, or 3,349,200 gallons aniay ; it 
quickly rose to 25,000 cubic metres, or 5,582,000 gallons a-day ; ana as long as the column of water 
rose without any sensible diminution, it continued to deliver a imiform quantity of 17,000 metres, 
or 3,795,000 gallons a-day. The total cost of this well was more than 40,000/., instead of 12,000/., 
at which Kind had originally estimated it. 

In sinking the well of Fassy, the weight of the trepan for comminuting the rock was about 
1 ton 16 cwt., 1800 kilog.; the height through which it fell was about 60 centimbtres; and its 
diameter was 3 ft. 3^ in., 1 mbtre. The rods were of oak, about 8 in. on the side, and the dimensions 
of the cutting tool were limited to 3 ft. 3^ in. because it worked the whole time in water ; but 
generally the class of borings Kind undertook were c^ such a description as justified resorting to 
tools of great dimensions. When sinking the shafts for winning coal, his operations required to 
be carried on with the full diameters of 10 ft. or 14 ft.; and he then drove a boring of 3 ft. 4 in. 
diameter in the first instance, and subsequently enlarged this excavation. There can he no 
objection to executing artesian borings of this diuneter, other than the probable exhaustion of the 
supply; particulaily as it is now ^own that 
the yield of water by these methods is propor- 
tionate to the diameter of the column ; though, 
strange as it may appear, the first opposition to 
Kind's plan of sinkmg the well of Passy was 
founded upon the assimiption that he would 
not meet with a larger supply of water from the 
flub-cretaceous formations than had been met 
with at Grenelle, where the diameter of the 
boring was at the bottom not more than 8 in. 
It is now, however, proved that there is a 
direct gain in adopting the larger borings, not 
only as regards the quantity of water to be 
derived from them, but also in their execution, 
arising from the fact that the tools can be made 
more secure against the effects of torsion or of 
concussion against the sides of the excavation, 
which is the cause of the most serious accidents 
met with in well-sinking. 

The trepan of M. Kind contains some pecu- 
liar details, which are shown in Figs. 331, 332. 
The trepan is composed of two principal pieces, 
the frame and the arms, both of wrought iron, 
with the exception of the teeth of the cutting 
part, which are of cast steel. The frame has at 
the Dottom a series of holes, slightly conical, 
into which the teeth are inserted, and tightly 
wedged up, Fig. 333. These teetn are placed with their cutting edges on the longitudinal axis of 
the frame that zeoeives them ; and at the extremity of the fhune there are formed two heads, 
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foTged out of the same piece with the body of the tool, which also carries two teeth, placed in the 
same direction as the others, but double their width, in order to render this part of the tool more 
powerful. By increasing the dimensions of these end-teeth, the diameter of the boring can be 
augmented, so as to compensate for the diminution of the clear space caused by the tubing, 
necessarily introduced for security in traversing strata disposed to fail in, or for the purpose of 
allowing the water from below to escape at an intermediate level. 

Above the lower part of the frame of the trepan ia a second piece, composed of two parts bolted 
together, and made to support the lower portion of the frame. This part of the machinery also 
carries two teeth at its extremities, whicn serve to guide the tool in its descent, and to work off 
the asperities left by the lower portion of the trepan. Above this, again, are the guides of the 
machinery, properly speaking, consisting of two pieces of wrought iron, arranged in tiie form of a 
cross, with tne ends turned up, so as to preserve tne machinerv perfectly vertical in its movements, 
by pressing against the sides of the boring already executea. These pieces are independent of 
the blades of the trepan, and may be moved closer to it or farther away from it, as may be 
desired. The stem and the arms are terminated by a single piece of wrought iron, which is 
joined to the frame with a kind of saddle-joint, and is kept in its place by means of keys and wedges. 
The whole of the trepan is finally jointed to the great rods that communicate the motion from the 
surface, by means of a screw-coupung, formed below the part of the tool which bears the joint ; 
this arrangement permits the free fall of the cutting part, and unites the top of the arms and 
frame, and the rod. Fig. 334. It has been proposed to substitute for this screw-coupling a keyed 
joint, in order to avoid the inconvenience frequently found to attend the rusting of the screw, 
which often interposes great difficulties in cases where it becomes necessary to withdraw the 
trepan. Kind introduced some modifications in the trepans employed in carrying out the large 
borings for the eoal mines in Belgium. These modifications were rendered necessary by the large 
dimensions he was obliged to give the borings, and by the preliminary use of a smaller trepan. 

The sliding joint is the part of Kuyenhausen's invention most unhesitatingly adopted by 
Kind, and it is one of the peculiarities of his system as contrasted with the processes formerly in 
use. So long as his operations were confined to the small dimensions usually adopted for artesian 
borings, he contented himself with making a description of joint with a free fall ; a simple move- 
ment of disengagement regulating the height fixed by the machinery itself, like the fall of the 
monkey in a pilendriving machine ; but it was found that this system did not answer when applied 
to large excavations, and it also presented certain dangers. Kind then, for the larger class of 
borings, availed himself of sliding guides, so contrived as to be e(^ually thrown out of gear when 
the machinery had come to the end of the stroke, and maintained in their respective positions by 
being made in two pieces, of which the inner one worked upon slides, moving freely in the piece 
that communicated the motion to the striking part of the machinerv. The two parts of the tool 
were connected with pins, and with a sliding loint, which, in the Fassy well, was thrown out of 
gear by the reaction of the column of water aoove the tool unloosing the click that upheld the 
lower part of the trepan, Figs. 335, 336, 337. The changes thus made in the usual way of 
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releasing the tool, and in gniiding it in its fall were, however, matters of detail ; they involved no 
new principle in the manner of well-boring; and the modem authorities upon the subject con- 
sider that there was something deficient in Kind's system of making the column of water act upon 
a disc by which the click was set in motion. This system, in fact, required the presence of a 
column of water, not always to be commanded, especially when the borings had to be executed in 
the carboniferous series. 

The rods used for the suspension of the trepan, and for the transmission of the blows to it, 
were of oak ; and this alone would constitute one of the most characteristic differences between the 
system of tools introduced by Kind and those made by the majority of well-borers, but which, like 
tbe disengagement of the tool intended to comminute the rock, depended for its success upon the 
boring being filled with water. The resistance that the wood offers, by its elasticity, to the 
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effects of an^ Hodden Jar, is bIbo to be taken into aooonnt in the comparisoD of the latter with 
iron, for the iron is liable to change ita fomi untler the influence of this cause. The resintaDce to 
an effort of torsion need not, however, be much dwelt on, for the turn given to the trepan is 
always made when the tool is lifted up fiDm its bed. For the pncpoae of making the rod^ Kind 
reoommondod that straight-grown trees, of the requisite diameter, should be selected, rather than 
that they sliould be made of cut timber, as there is less danger of the wood warpiog, and the 
character of the wood ia more homogeneous. Ho generally used these trees in lengths of about 50 
feet, and he connected thei^ at the ends with wrought-iron jointii, fitting one into the other, Fig. 
338. The ironwork of the joints is made with a shoulder underneath the screw-eoupling, to allow 
the rods to be auapended by the ordinary aroic'a-fool during the operation of raising or lowering 
them. In the works executed at Fassy there was a kind of frame erected over the centre of the 
boring, of anSicient height to allow of the rods being wiUidiawn in two longthe at a tine, Urn* 
producing a oonsiderable economy of time and labour. 

All the processes yet introduced for removing the products of the excavation must be eoDSl- 
derod to be, more or Icsa, defective, because all are established on the supposition that tba 
coominating tool must bo withdrawn, in order that the spoon, or other tool mtended to remove 
the products of the working of the oomminntor, may be ineerled. This remark applies to Kind's 
operations at Pasay and elsewhere, aa he removed the rock detached from the bottom of the exca- 
vation by a spoon, Figs. 339, 340, which was a modiflcstion of the tool he invariably employe for 
this purpose. It consisted of a cylinder of wrought iron, suspended from the rods by a frame, and 
fosteued to it. a little below the centre of gravity, so that the operation of upsetting it, when 
loaded, conid be easily performed. This cylinder was lowered to the level of the last workings of 
the trepan, and the materials already detached by that instrmnent were forced into the tooX bj 
the gradual movement of the latter in a vertical direction. Rome other implements, employed bj 
Kind for the purpose of removing the products of the excavation in the shafts for the coal-minea 
of the North of France, were ingenious, and well adapted to the large dimensions of the shafts ; 
but they were all, in some degree, exposed to the danger of becoming fixed, if used in the small 
borings of artesian wells, by the minute particlee of rocks falling down between their sides and 
the excavation from above. Their use was therefore abandoned, and the well of Passy waa 
cleared out with the spoon, the bottom of which waa made to open upwards, with a hinged Qap, 
which admitted the finer materials detached by the trepan. There were also several tools for the 
purpose of withdrawing the broken parts of the machinery ftom the eioavation, or whatever sub- 
stances might fall in from above ; and all were marked by a great degree of simplicity, but ther 
did not differ enough from those generally used by well-borers for the same purposes to merit 
further remarks. In fact, the acridents intended to be guarded against or remedied are so pre- 
cisely alike in all cases, that there can be little variety in the manufacture of these instruments. 
But O. K. Bumell believed that Kind deprived himself of a valuable appliance in not using the 
ball-clack, la tmpape a baulet, that other welUborers employ, Fig. 341. The tools used by Hulot, 
Laurent, Dru, and other French well-borers, are admirably adapted for the extraction of tba 
materials from excavations of small diameter, but would be of no avail if applied to the well of 
Passy. They seem to have been designed for wells which rarely exceed the diameter of that 
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At Fa«y, ;^t strength was given to the bettd of the striking-tooL and to the part of the 

machine^ applied to turn the trepan, because the great weight of the latter superinduced the 
danger of its breaking off under the inHuence of the shock, and because the solidity of this part 
of the machinery necesBorily regulated the whole working of the tool. The head of the "amem- 
blage " was connected with tho balance-beam of the steam-engine by a Vaucanson chain, vrith k 
screw-coupling, admitting of being lengthened as ttie trepan descended, Piga. 342, 313. Tha 
bftlance-befun, in order to increase its elaetio force in the npward stroke, is in Kuid'i works nude of 
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wood, in two pieeee; the npoer one being of fir and the lower one of beech. The whole of the 
machinery is put in motion by steam, wMch is admitted to the upper part of the cylinder, and 
presses it down, and thus raises the tool at the other end of the beam to that part in connection 
with the cylinder. The counterpoise to the weight of the tools is also placed upon the cylinder- 
end of the beam. The cylinder receives the steam through ports that are opened and closed by 
hand, like those of a Nasmyth's hatnmer which was invented by Robert Wilson, of Patricroft ; so 
that the number of the strokes of the piston may be increased or diminished, and the length of 
the strokes may be increased, as occasion may require. 

The balance-beam is continued beyond the point where the piston is connected with it, and it 
goes to meet the blocks placed to check the force of the blow given by the descent of the tool. 
The guides of the piston-head are attached to the part of the machinery that acts in this manner; 
but at Passy, Kind made the balance-beam work upon two free plummer-blocks, or blocks having 
no permanent cover, that they might be more easily moved whenever it was necessary to displace 
the beam, for the purpose of teking up or letting down the rods, or for changing the tools ; for the 
balance-beam was alwajrs immediately over the centre of the tools, and it therefore had to be 
displaced every time that the latter were required to be changed. This was effected by allowing 
the beam to slide horizontaUy, so as to leave the mouth of the pit open. The counter-check, 
above mentioned, likewise prevented the piston from striking the cylinder-cover with too great a 
force when it was brought back by the weight of the tools to its original position. The operation 
of raising and lowering the rods, or of changing the tools, was performed at Passy by a separate 
steam-engine, and the spoon was discharged into a special truck, moving upon a railway expressly 
laid for this purpose in the great tower erected over the excavation. All tliese arrangements were 
in fact made with the extreme attention to the details of the various parts of the work which 
characterizes the proceedings of foreign engineers, and conduces so much to their success. 

The beating, or comminution of the rock, was usuallv effected at Passy at the rate of from 
fifteen strokes to twenty strokes per minute. The rate of aescent, of course, differed in a marked 
manner, according to the nature of the rock operated upon ; but, generally speaking, the trepan 
was worked for the space of about eight hours at a time, after which it was withdrawn, and the 
spoon let down, in onler to remove the detritus. The average number of men employed in the 
gang, besides the foreman, or the superintendent of the well, was about fourteen : they consisted 
of a smith and hammerman, whose duty it was to keep the tools in order ; and two shifts of men 
intrusted with the excavation, namely, an engine-driver and stoker, a chief workman, or sub- 
foreman, and three assistants. The total time employed in sinking the shafts executed upon this 
system in the North of France, where it has been applied without meeting with the accidents 
encountered in the Passy well, was found to be susceptible of being divided in the following 
manner: from 25 per cent, to 56 per cent, was employed in manoeuvring the trepan ; from 11 per 
cent, to 14} per cent, in raising and lowering the tools ; from 19 per cent, to 21 per cent, in remov- 
ing the materials detached from the rocks, and cleaning out the bottom of the excavation ; and 
from 8 per cent, to 10} per cent, was lost, owing to the stoppage of the engines, or to the accidents 
from broken tools, or to other causes always attending these operations. In the well of Passy 
there was, of course, a considerable difference in the proportions of the time employed in the 
various details of the work ; and the long period occupied in obviating the effects of the slips 
which took place in the clays, both in the basemeiit beds of the Paris basin and in the sub-creta- 
oeous strata, would render any comparison derived from that well of little value ; but it would 
appear that, until the great accident occurred, the various operations went on precisely as ELind 
had calculated upon. 

The essential difference between the systems of Kind and those of the ordinary well-borers 
appears to consist in the use of a trepan of considerable diameter, falling through a certain height ; 
and in the rods of oak, working in water, which were thus easily counterbalanced. All the other 
tools employed are in point of fact quite irrespective of the merits of the various processes. The 
advantages of these inventions would be verv great, provided the well were sunk in such circum- 
stances as would allow of its being worked under water ; and the results of the Passv boring 
demonstrated that these inventions had a real existence, for the accidents attending that work 
were such as might have been expected in the course of boring artesian wells. It may be ques- 
tioned whether the engineers of the town were justified in passing the contract with Kind to 
finish the work within the time, and for the sum at which ne undertook it ; but they certainly 
treated him with kindness and consideration, in allowing him to conduct the work at the expense 
of the city of Paris, for so long a period after the expiration of his contract. It seems, however, 
that the French well-borers coula not at the time have attempted to continue the well upon any 
other system than that introduced by Kind ; that is to say, upon the supposition that it should be 
completed of the dimensions originfdly undertaken. The patent has now expired, and the pro- 
cesses he introduced have consequently been open to the imitation of all the world, and no doubt 
they will be adopted by the F^nch well-borers. Experience has shown, in fact, that this detail 
was badly executed at the well of Passy. The masonry lining was introduced after his contract 
had expired, and when he had ceased to have the jcontrol of the works ; the wrought-iron tubing 
at the lower part of the excavation being a subsequent idea. It has followed from this defective 
system of tuoing — the wood necessarily yielding in the vertical joints — that the water in its 
upward passage escaped through the joints, and went to supply the basement beds of the Paris 
basin, which are as much rescuied to as the London sand-beds for an artesian supply ; and, in 
fact, the level of the water has been raised in the neighbouring wells by the quantity let in from 
below, and the yield of the well itself has been proportionally dimini^ed, until it has fallen to 
450,000 gaUons per day. That the increased yield of the neighbouring wells is to be accounted 
for by the escape of the water from the artesian boring 1b additionally proved by the temperature 
of the water in them ; it is found to be nearly 82^ Fah., or nearly that observed in the water of 
Psfsy. This was an unfortunate complication of the bargain made between Kind and the Muni- 
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cip&l Council : but It Id oo ren>ecf affects the choice of the boring machinery, which Boema to have 
oompliad with all the coodttioiiB it wa< deajened to meet. The deucent of the tahia and their 
nature ought to have been the subject of special study by the enginoon of the town, who ehonld 
have known the nature of the strata to be traversed better than Kind coold be auppoeed to do, 
and should have insisted upon the tubing being executed of cast or wrought imn, bo as eflectually 
to resist the passage of the water. At anv rate, this precaution ouglit to have been taken in the 
portions of tlie well carried through the bBsement beds of the Faris basin, or through the lower 
members of the chalk and the upper greensand. It may also be observed that a remarkable 
change has been noticed in connection with the subterranean disturbances which have lately 
taken place in France. The water in this well is at these times rendered thick, cloudy, and 
totally unfit for human consumption. The diamlouration of the water, however, is not dependent 
upon this cause, but is owin^ to the strata through which the boring passes being washed out, 
which is in itself a serious objection to the nse of the water of this well. 

The system applied by Dra is worthy of attention, not «a much on aooount of the novelty of 
the invention, or of any new principle involved in it, as on account of the contrivances it contains 
for the application of the tool, "a c/iutt libre," or the free-falling tool, to artesian wells of large 
diameters. It has been already explained, that under Kind's arrangements the trepan was 
thrown out of gear by the reaction of the water which was allowed to find its way mio the 
column of the excavation; but that it ia not always possible to command the supply of the quan- 
tity necessary for that purpose ; and even when possible, the clutch Kind adopted was so sliapod 
tu to be subject to much and rapid wear. Dm, with a view to obviate both the«e inconveniencca, 
pade his trepan in the manner shown in Fig. 33S, in which it will be seen that the tool woa 
gradually raised ontLI it came in contact with the fixed part of the upper machinery, when it 
was thrown out of gear. The bearings of the clutch were parallel to the horizontal line, and 
were found in practice to be more evenly worn, so that this instrument could be worked sometimes 
from eight days to fourteen days without intermission ; whereas, on Kind's system, the trepan was 
frequently withdrawn after two days' or three days' service. Another great recommendation of 
Dru's system, if applied in cases where water is scarce, is that there is no necefaityfor a column of 
water with the trepan : but in all other essential respecta the details of his machinery are the aama 
as thoae employed by Kind, who must be considered to have advanced the science of well-boring 

a the introduction of timber-rods, the manner of balancing them, and by the use of the trepan, 
of which were first applied at the artesian boring of Passy, and enabled it to be executed in 
a comparatively short space of time. The tools introduced by Dru and other modem well-borers 
are doubtlessly better fitted for the artesian borings of smaU diameter, and for such as are free 
from water from the upper strata ; but the advantage ceases when these conditions are reversed. 

The nature and depths of the diCfercnt strata bored through in sinking an arteeisn well at 
Kentish Town, London, are shown in Fig. 1144 ; Fig, 84S shows the nature and extent of the, 
stmta that were met in boring the artesiiui well at Passy, Paris ; and Fig. 346, in a similar 
msjmer, exhibits the range and nature of the strata perforated in boring the artesian well at 
Orenelle, to which we have so often referred. 

We tako an account of some recent operations in artesian well-boring by M. Dm, of Paris, 
from a paper read by him at the Conservatoire dee Arts et Metiers, Ports, 6th June, 1867, and 
published in the ' Proceedings of the Institute of Mechanical Enginoeta.' 

The artesian wells at present sunk in the tertiary formatkin of the Parts basin. Fig. 347, range 
in si^ generolly &om about S in. down to 2 in. diameter, with a depth of about 230 to 350 fL 
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The bore-hole is usually lined with copper in order to make the wells water tight and bring the 
water to the surface without loss. These works often present considerable difficulties in their 
execution, from the frequent changes in. the nature of the ground passed through, and from the 
impediments that are so often encountered in driving the tubes through the beds of sand and day. 
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Boriiig* of a much greater depth and larger lize wro now In prooeM of sieontloa In Paris, for 
the pDipoae of bringing to the mnaoa a large lopply of the ftrtcnnn wsten from the lower green- 
nnd onderljing the chalk, in the seoonilar; formatioa ; the eiUteQce of a supply of water in that 
itratnm has abeadjr been proved b; the well mnk at Crenelle of 3{ in. diameter, and Iha 
■nbaequenl one of 27) in. diameter ninb at Paasj. Each of these two artesian weUs required ax 
or MTan yesra' work for its oompletion ; their situation in Faria ia shown in the plan, fig. 34S. 
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A large artesian well was. in 1867, being constructed by Dm at Batte^oi-Caille^ Fig, SIB, 
For the liupply of tlie city of Paris, which is inltnded to be carried down through the greensuia 
lo a depth of 2600 or 2900 ft. to reuh the Portland limestone. The boring in 1667 was 490 ft. 



deep, aud its diameter 47 ii 

Daring the previous 21 years, U. Drn was engaged in sinking a similar well of 19 in. diameter 
for supplying the Sugar Rcflnery of M. Say, in Pans, Pig. 349 ; 1570 ft. deep of this well had b&en 
bored in 1667, see Fig. 319. 

For the Bmallor wells, hand -boring tnola are in use: but these are Umited to borings of incon- 
■idetable depth and small diameter. For borings of the diameter of thf«e laj^ wells, it is necessary 
to make use of special tools, worked entirely by steam-power ; and in some cases of sinking mine- 
sbafts, tools of as lai^e a diameter as 14] ft. have been osed. The boring is effected by a rotary 
motion in the case of the small diameters ; but in borings of a large diameter and considerable 
depth, percnssire action alone is employed, which is effected by raising the tool and letting it 
(bU with successive strokes. 

The apparatus employed by M. Dm in boring the large wells that have been mentioned, li 
shown in Figs. 350, 351. The boring-rod A is suspended from the outer end of the working beam 
B, which is made of timber hooped with iron, working upon a middle bearing, and is ooonected at 
the inner end to the vertical steam cylinder G, of 10 in. diameter and 39 in. sboke. The stroke of 
the boring-nd ia reduced to 2,'i in., by the inner end of the beam being made longer than the outer 
end, serving as a partial counterbalance for the weight of the boring-rod. The steam cylinder ia 
shown enlarged in Fig. 352, and ia single-acting, being osed only to lift the boring-rod at each 
stroke, and the rod is lowered again by rcteaaing the steam from the top side of the piston; the 
atroke is limited by timber stope both l>elow and above the end of the working beam B. 

The boring-tool is the part of moat importance in the apparatus, and the one that has involved 
most ditHcully in maturing its constmction. The points to be aimed at in this are, — simplicity 
of construction and repairs ; Uie greatest force of blow poasible for each mut of striking..aurfiaoe ; 
and freedom from liability to get turned aside and choked. 

The tool used in small borings is a single chisel, as shown in Figs. 353, 354 ; but for the large 
borings it is found beet to divide the tool-face into separate chisels, each of oonvenient size and weight 
for forging. All the chisels, however, are kept in a straight line, whereby the extent of striking- 
snrface is reduced ; and the tool is rendered less liable to be turned aside by meeting a hard 
portion of flint on a single point of the striking-edge, which would iHiriiniah the effect of the 

The t^l U shown in Figs. 355, 356, 857, 358, 359, 860, 361 : and is composed of a wronght-iron 
body D, connected by a screwed end, E. to the boring-rod, and carrying the chisels, PF, flied in 
aeparate sockets and secured by nuts above : two or four chisels are used, or sometimes even a 
p«ater number, according to the size of the hole to be bored. This construction allows of any 
broken chisel being easily replaced ; and also, by changing the breadth of the two outer chisels, 
the diainetar of the hole bored can be regulated exactly as may be desired. When foor chisels are 
used, the two centre ones are made a little longer than the others, as shown in Fig. 359, to form a 
leading hole ai a guide to the btning-rod. A crose-bar G, of the mum width as the tool, gnidea 
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it in the hole in the diiwitioD at right angles to the tool ; and ii 

toota a secofld croaa-txtr is aiaa a^ed highei 

~ [e of the tool. 




If the whole length of the boring-rod wera allowed to £U1 suddenly to the bottom of t, large 
bore-hole at each stroke, freqnent twecAages would occur; it ta therefore found requiaito to 
MTange foi the tool to be detached bom the boring-rod at a fixed point in each atroke, and thia 



AETESIAN WELL. 



155 



has led to the general adoption of free-falling tools. There have been several contrivances for 
effecting this object; and M. Dru's plan of self-acting free-falling tool, liberated by reaction, is 
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shown in side and front view in Figs. 362, 363. The hook H, attached to the head of the borings 
tool D, slides vertically in the box Is^ which is screwed to the lower extremity of the boring-rod ; 
and the hook engages with the catch, J, centred in the sides of the box K, whereby the tool is 
lifted as the boring-rod rises. The tail of the catch, J, bears against an inclined plane, L, at the 
top of the box K ; and the two holes carrying the centre-pin, I, of the catch, are made oval in the 
vertical direction, ao as to allow a slight vertical movement of the catch. When the boring-rod 
reaches the top of the stroke, it is stopped suddenly by the taU end of the beam B, Fig. 351, 
striking upon the wood buffer-block E ; and the shock thus occasioned causes a slight jump of the 
catch, J, in the box K ; the tail of the catch is thereby thrown outwards by the incline L, as shown 
in Fig. 364, liberating the hook H, and the tool then falls freely to the bottom of the bore-hole, as 
shown in Fig. 365. When the boring-rod descends again after the tool, the catch, J, again engages 
with the hook H, enabling the tool to be raised for the next blow, as in Fig. 363. 

Another construction of self-acting free-falling tool, liberated by a separate disengaging-rod, is 
shown in side and front view in Figs. 366, 367. This tool consists of four principal pieces, the 
hook H, the catch J, the paul I, and the disengaging-rod M. The hook H, carrying the boring 
tool D, slides between the two vertical sides of the box K, which is screwed to the bottom of the 
boring-rod ; and the catch, J, works in the same space upon a centre-pin fixed in the box, so that 
the tool is carried by the rod, when hooked on the catch, as shown in Fig. 367. At the same 
time the paul I, at the back of the catch, J, secures it from getting unhooked from the tool ; but 
this paul is centred in a separate sliding hoop, N, forming the top of the disengaging-rod M, which 
slides freely up and down within a fixed distance upon tne box K ; and in its lowest position the 
hoop, N, rests upon the upper of the two guides P P, Fig. 366, through which the disengaging-rod, 
M, slides outside the box K. In lowering the boring-rod, the disengaging-rod, M, reaches the 
bottom of the bore-hole first, as shown in Figs. 366, 367, and being then stopped it prevents the 
paul, I, from descending any lower ; and the inclined back of the catch, J, hiding down past the 
paul, the latter forces the catch t)ut of the hook H, as shown in Fig. 368, thus allowing the tool, D, 
to fall freely and strike its blow. The height of fall of the tool is always the same, being deter- 
mined only by the length of the disengaging-rod M. 

The blow having been struck, and the boring-rod continuing to be lowered to the bottom of the 
hole, the catch, J, falls back into its original position, and engages again with the hook H, as 
shown in Fig. 369, ready for lifting the tool in the next stroke. As the boring-rod rises, the tail 
of the catch, J, trips up the paul, I, in passing, as shown in Fig. 370, allowing the catch to pass 
freely; and the paul before it begins to be lifted returns to the original position, shown in Fig. 
367, where it locks the catch J. uul prevents any risk of its becoming unhooked either in raising 
or lowering the tool in the well. 

The boring-tool shown in Figs. 355, 356, which is employed in boring the well of 19 in. 
diameter at the Sugar Refinery, weighs { ton, and is liberated by reaction, by the arrangement 
shown in Figs. 362 to 365 ; and tne same mode of liberation was applied in the first instance to the 
larger tool, shown in Figs. 358 to 361, employed in sinking the well of 47 in. diameter at Butte- 
aux-Cailles. The great weight of the latter tool, however, amounting to as much as 3| tons, 
necessitated so violent a shock for the purpose of liberating the tool by reaction, that the boring- 
rods and the rest of the apparatus would have been damaged by a continuance of that mode 
of working; and M. Dru was therefore led to design the arrangement of disengaging-rod for 
releafiing the tool, as shown in Iilgs. 366, 367. This mode of liberation is consequently the one 
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a tue Hi Bvtte-tnx-Cfdlles, irheie it has proved complete!]' snceesifiil in 
1 oftse the crosg-guide, G, fixed 1 
to work through freely, as Bboon 
in VlgB. S58, 360. For borings of 
BnSill diBmetor, hawsTei, the dia- 
eDg&EiDg-rod camint supersede the 
reftCtion B3Wteni of liwiration, as 
the I&tlar alone is able to work ID 
borings as small as SJ in. diameter : 
and a boro-hole no larger than 
this diameter hoa been succesafull; 
(nnipleted by H. Dru with the 
leactioB-tool to a depth of 750 ft. 

The boring-rodg employed are 
of two kinds, vronght iron and 
wood. The wood rods, ehnwn in 
Figs. 351, 371, are used for borings 
of large diameter, as the; possess 
the advantage of baring a larger 
BoctioD for atiffnesa without in 
creasing the weight ; and also when 
immersed in water the greater 
portion of tbeii weight u floated 
The wood for the roda requires to 
be carefully selected, and care has 
to be taken to choose the timber 
from the thick part of the tree, 
and not the toppings. In Frsnce, . 
Lorraine, or TcMges, deals are pre- 
ferred. 

The boring -rods, whether of 
wood or iron, are screwed together 
either by solid sockets, ai in Fig 
872, or with separate collars, as in 
Fig. 373. The separate collars 
are preferred for the purpoee, on 
account of being easy to forjje and 
also beoMise, as only on&-balf of 
the Dollar works in coupling and 
uncoupling the rods, while the 
other half is fixed, the screw thread 
becomea worn only at one end, and 
by changing the collar, end for 
end, B new thresd i;a oblaiDed 
when one is worn out, the worn 
end beiog then jammed &st as the 
fixed end of the collar. 

The boring-rod is guided in the lower part of the hole by a lantern R, Fig. 351, shown to a 
larger scale in Figs. 371, 371, which oonsiiitB of four vertical iron bars curved in at both ends, 
where the^ are secured by movable sockets upon the boring-rod, and fixed by a nut at the top. 
By changing the bars, tbe mze of the lantern is readUy adjusted to any required diameter of 
bore-hole, as indicated by the dotted lines. In raising up or letting down the boring-rod, two 
lengths of about 30 ft. each are detached or added at once, and a few ahorter rods of different 
len^ha ore used to make up tbe exact length required. The coupling-screw 8, Fig. 351, br which 
the boring-rod is connected to the working-beam B, serves to complete the adjuatraeut of length ; 
this is turned by a cross-bar, and then secured by a cross-pin through the screw. 

In ordinary work, breakages of the boring-rod generally take place in the iron, and more 
particularly at the part screwed, as that is the weakest part. In the case of breakages, the tools 
usually employed for picking up the broken ends are a conical screwed socket, shown in Fig. 375, 
and a claw, ^wn in Fig, 376 ; the socket being made with an ordinary V'tliread for cases 
where the breakage occurs in the iron; but having a sharper thread, tike a wood screw, when 
used where the breakage is in one of the wood rods. In order to ascortaln the shape of the frac- 
tured end left in the bore-bole, and its poeition relatively to tbe centre line of the hole, a similar 
conical socket ia first lowered, having its under-turfaoe filled np level with wax, so as to lake an 
impression of the broken end, and show what size of screwed socket should be employed for 
getting it np. Tools with nippers are sometimes used in large borings, as it is not advisable to 
subject the rods to a twist. 

When the boring-tool has detached a sufficient quantity of material, the boring rod and tool are 
drawn up by means of the rope O, Fig. 850, ¥finding upon the drum Q, which is driven by straps 
and gearing npon the steam-engine T. A scoop ia then lowered into the bore-hole by the wire- 
rope U, from tho other drum V, and is afterwards drawn up again from the excavated material. 
A friction-break is applied to the drum Q, for regulating the rate of lowering the boring-rod down 
the well. The scoop, shown in Figs. S77, 378, consists of a riveted iron cylinder, with a handle 
at the top, which can either be screwed to the lK»ing-rod or attached to the wire-rope; and the 
bottom ia cloaed by a large valve, opaung inwards. Two dtffercat forms of valve are used, either 
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On lowering thU cylinder to the bottom of the bore-bole, the valve opens, and the loose material 
enten the cylinder, wbt^re it is retauied by tbe ciosing of the valve, whilst the scoop is drawn np 
•Ksin to the surface. In boring Ihroogh chalk, aM In the case of the deep welU in the Paris basin. 
Fig. 347, the hole is first made of about half the flual diameter for 60 to 90 ft. depth, and it ia then 
enlarged to the full diameter by using a larver tool. This is done for convenience of working ; for 
if the whole area were acted npon at once, it would involve omshing all the Qinta in the cbalk ; 
bnt, by putting a acoop in the advanced hole, the flints that are detached daring tbe working of 
the second larger tool are received in the acoop and removed by it, without getting broken by the 
tooL 
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B acoop clo« , ^ . . . _ 

1, lo which a vertical movenient ic 
ia is forced up into the Booop, uid 



height of fkU, the bore-hole ■ma advanced only S to 4 in. a-day. Aa the opponte case, itotk of nm- 
DiDg nni! have been met with so wet, that a slight movement of the rod at the bottom of Um bole 
was BUfflcieutto make the nod rise 30 to 40 ft. in tho bore-hole, Inthe«e caaeBM, Dtd has adotrtad 
the CbineBe method of effecting a speed}' cleatance, hj meena of a scoop doeed by a laige biU-cltuA 
ot the bottom, as shown in Fig. 377, and Bnspendod by a ' " ' 

given ; each time the scoop fnlU apon the sand a portioa c 
retained there by the hall-valve. 

An artesian well ia always some time in settling down to its pennsnent working state, generally 
one or two months ; and when the water first reaches the mr^ce it undergoes considerable fluc- 
tuatiooa, being charged from time to time with the Eabstancea at tbe bottom of the bore-hole. In 
the Grenelle well there were fluctuations at starling of 300 ft. in the height of the water. The 
velocity of the flow of water fram the artesian wells varies considerably, aad tbe following are *ome 
eiamples of the delivery at the surface by those alread]' completed in the Paris boain : — 



St. Denis, HSfel Diea 
GennevUliers .. .. 

Elbeuf '.'. '.'. '.', 
Paris, Orenelle 



OiHool 


Vtlociu 














28 


268 


31 




176 


»-87 


66 


3-71 


4S4 


16-63 


19S0 


1-61 






The localities of these wells are shown in tbe plan, Fig. M8 ; and Fig. 347 is a geological 
■ection passing through tbe Paris basin. Sections of the strata bored through in the wells at Passy 
Uld Crenelle are shown in Fig, 319; and a section in the boring now in progress at the Bngar 
Keflnery is shown in the same Figure. In tbe case of tho artesian well at Orenelle, the water is 
carried up to a height of 128 ft. above the ground by a stand-pipe of 3 '74 in. bore, from tbe top of 
which the water overflows at the rate of 100 gallons a-miante, with a velocity of 3-94 ft. a-aecond. 

Borings of large diameter, for mines or other shafts, are also sunk by means of the same 
description of boring-tools, only considerably increased iu size, extending up to as much as 14 n. 
diameter, Tbe well is then lined with cast-iwn or wrought-iron tubing, for the purpose o[ making 
it water-tight; and > special contrivance, invented by Kind, has been adopted for making a water- 
tight joint between the tubing and the bottom of the well, or with another portion of tubing pre- 
Tiously lowered down. This is done by a stufBng-box, shown in Pig. 3"" "'•'-^ »™..,t,. . 

r:kiag of moss at A A. The upper portion of the tubing 
drawn down to the lower portion by the tightening- 
screws B B, so as to compress tha moss-packing when the 
weight is not sufficient for the pnrpoee. A space, C, is 
left between the tubing and tbe side of tbe well, to admit 
of the passage of the stufQng-boz flange, and also for 
running in concrete for the completion of the operation. 
Tho moss-packing rests upon the bottom flange D; but 
this flange is sometimes omitted. The joint is thus simply 
made by pressing out the moss-pocking against tbe sides 
of the well ; and this material, being easily compressible 
and not liable to decay under water, is found to make a 
very satisfactory and durable joint. 

M. Dm states that the reaction-tool has been success- 
(nlly employed for borings up to as large as about 4 ft. 
diameter, as in the case of tbe well at Butte-aui-Cailles 
of 47 in, diameter: bnt beyond that size he considers the 
shock requisite to liberate the larger and heavier tool 
wonld probably he so oicesaivo, as to be injurious to the 
boring-iods and the rest of tbe attachments ; and he there- 
fore designed the arrancement of tbe diseogaging-rod for liberating the tool in bonngs of large 
diameter, whereby all shock upon tbe boring.rods was avoided and tbe tool was hberated with 
«otn|Jete certainty. 

la practice it is neceasary to turn the boring-tool partly ronnd between each stroke, so as to 
prevent it from falling every time in tbe same position at the bottom of the well ; and this was 
effected in tbe well at Butte-ani-Cailles by manual-power at the top of the well, by means of a 
long band-lever fixed to the boring-rod by a clip bolted on, which was turned mnnd by a couple 
of men through pejrt of a revolution during the time that tbe tool was being lifted. The turning 
was ordinarily done in the right-band direction only, so as to avoid tbe risk of unscrewing Emy of 
tbe screwed couplings of the boring-rods : and core was taken to give the boring-rod half a turn 
when the tool was at the bottom, so as to tighten the screw-couplings, which otherwise might 
shake loose. In the event of a fracture, however, leaving a considerable length of boring-rod in 
the hole, it was sometimes necessary to have the means of unscrewing the couplings of the portion 
left in the hole, so as to raise it in parts, instead of all at once. In that case a locking-clip was 
«dded at e*ch screwed joint above, and seonred by bolts, as shown at C in Fig. S7S, at the time of 
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pnlting ttie roda togetlier Tor lowering tbem down the well to reooTei tlie broken portion ; and by 
thii oifaxm the ends of ths rods were prevented from beoomina; nnBorewed in the ooupling-aooketa, 
when the rods were tnmed round backwards for mtserewuig the joints Ln the broken len^h at tha 
botlom of the bore-hole. 

H. Dm states that in his own experience, owing to the difflonltiea attending the operation, 
the occurrence of delays from aocidenta was the mle, whUe the regnlar working of the macbinery 
was tbfl exception. He also states (bat, altbough the chiscl-ahaped tools previoiul; described were 
the form principally employed, he ooosiders it wonld be a mistake to attempt to Dae any one form 
of tool eMlusively for all descriptions of ground. For passing through granite, or any other 
primary roi^, a percussive action is indispensable, and the force of the blow is teqhired to be oon- 
iMnt>st«id npon a small extent of cutting-edge, in order to prodnce any effect by the blow ; but ill 
■Oder gniaiid a greater number of culling-chisels are used in the failing tool. 

Asltmg ago as 1842 ropes bave been used in France for boring pnrposes, but they have not been 
fonnd to answer in boring through clay, because the tool becomes choked and sticks fast, and tha 
rope breaks, leaving the too] imbedded at the bottom of the bore-hole : it is then neceaary to have 
reTOorse to rods for raising the boring-tool, and M. Dru therefore preferred to use rods in the flrat 
instance. In boring throngfa sand, however, topea have been successfully employed, and by thia 
meaiu borinca have been carried down with great Fspidity, as mnch as 60 ft. depth having beMl 
Bocompliriieif in a fortnight through a bed of sand in baring a well in the upper stratum of the 
Paris basin. The section of the Paris basin shows that, owing to the variable strata to be paned 
through, DO one form of boring-tool, such as has been referred to, could be used for all parts of the 
bore-hole, bat different tool* were required, according to the particular stratification at the bottom 
of the hole. 

When running sands are met with, the plan adopted is to nsa the Chinese ball-sooop. Pig. 977, 
deacribed for clearing the bottom of the bore-hole ; aod where there is too much sand for it to be 
got rid of in this way, a tube has to be sent down from the sorface to shut off the sand. Tiis, of 
course, necessitates diminishing the diameter of the hole in passing through the sand; but on 
reaching the solid rock below the running sand, an expanding tool is used for continuing tiie bore- 
hole below the tubing with the same diameter as above it, so as to allow the tubing to go down 
with the hole. 

In the cose of meeting with a surface of very hard rock at a considerable inclination to the 
l>ore-hole, H. Dru emplo3rs a tool, the cnttets of which are fixed in a circle all round the edge of 
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a much as 20 ft. He uses this tool in all cases where from any cause the hole is found to be 
ing crooked, and has even succeeded by this mecuia in straightening a hole that had previously 
en bored crooked. 

The cutting action of this tool ia all round its edge ; and therefore in meeting with an iuclioed 
baj>d ear&ce, as there is nothing to cut on the lower aide, the force o( the blow ia brought to bear 
on the upper side alone, until an entrance ia effected into 
the hard rock in a trae straight line with the upper part of 
the hole. 

KorUn'i patttii Tubt KWI.— This well consists of a hollow 
WTonght-iron tube about H in. diameter, composed of any 
number of lengths from 3 to 11 ft., according to the depth 
required. The water is admitted into the tube through a 
•eriea of boles, which extend up the lowest length to a 
bei^t«f 2^ H. from the bottom. 

The position far a well having been aelected, a verticdl | 
bole is made in the ground with a crow-bar to a convenient 
depth ; the well-tnbe o, having the clamp d, monkey c, and 
pulleys b, Fig. 381, previously fixed on it, ia inserted into 
thia hole. 

The clamp is then screwed firmly on to the tube from 
18 in. to 2 ft. from the ground, as the soil ia either difficult 
«r easy; each bolt being tightened eqosjly, so as not to 
indent the tube. 

The pulleys ai 

of about 6 or 7 ft. from tL_ „ , 

monkey having been previously rove through them. 

The monkey is raised by two men pnlling the ropes at 
the sane angle. They should stand exactly opposite each 
cither, and work together steadily, so as to keep the tnbe 
perfectlv vertical, and prevent it from swaying about while 
being driven. If the tube shows an inclination to slope 
towards iMe aide, a rope should be fastened to its top and „ 

kept tant on the oppoaite side, so as gradually to briuE the ; 

tube back to the vertical. When the men have raised the f 

tnoukey to within a few iochea of the pulleys, they lift U 

their hands suddenly, thus slackening the ropes and allow- . iia ifu w l fm ^ *** ,^ 
ing the monkey to descend with its fnil weight on to the ''X-'\i^ 
(damp. The moFikey is steadied by a third man, who also 
amsta to force it down at each descent. This man, likewiae, from time to time, with a pair of 
gaa-tonga, tnms the tube round iu the ground, which asaiata tlie pnoeai of driving, particaWly 
when the point cranes in contact with stones. 



re next clomped on to the tube at a height 
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Pfurtionlar attention mnst be paid to the olamp, to see that it does not moye on the tnbe : the 
bolts must be tightened np at the first appearance of any slipping. 

When the clamp has been driven down to the gronnd, the monkey is raised off it, the screws 
of the clamp 8ire slackened, and the damp is again screwed to the tuoe, about 18 in. or 2 ft. from 
the ground. After this, the monkey is lowered on to it, and the pulleys are then raised until 
they are again 6 or 7 ft. from the ground. 

The driving is continued until but 5 or 6 in. of the well-tube remain above the ground, when 
the clamp, monkey, and pulleys are removed, and an additional length of tube screwed on to that 
in the ground. This is done by first screwing a collar on to the tube in the ground, and then 
screwing the next length of tube into the collar, till it buts against the lower tube ; a little white- 
lead must be placed on the threads of the collar before the ends of the tubes are screwed into it. ■ 

The driving can thus be continued until the well has obtained the desired depth. 6oon sfiet 
another length has been added, the upper length should be turned round a little with the gaa- 
tongs, to tighten the joints, which have a tendency to become loose from the jarring of the monkey. 
Care must be taken, after getting into a water-bearing stratum, not to drive through it, owing to 
anxiety to get a large supply. From time to time, and always before screwing on an additional 
length of tube, the well should be sounded, by means of a small lead attached to a line, to ascer- 
tain the depth of water, if any, and character of the earth which has penetrated through the holes 
perforated m the lower part of the well-tube. As soon as it appears that the well has been driven 
deep enough, the pump is screwed on to Hie top and the water drawn up. It usually happens 
that the water is at first thick, and oomes in but small quantities ; but after pumping for some 
little time, as the chamber round the bottom of the weU becomes enlarged, the quantity increases 
and the water becomes clearer. 

When sinking in gravel or clay, the bottom of the well-tube is liable to become filled up by 
the material penetrating through the holes ; and before a supply of water can be obtained, this 
accumulation must be removed by means of the cleaning-pipes. 

The cleaning-pipes are of small diameter, ^-in, externally, and the several lengths are con- 
nected together in the same way as the well-tubes, by collars screwing on over the ^joining end 
of two pipes. 

To clear the well, one cleaning-pipe after another is lowered into the well, until the lower end 
touches the accumulation ; the pipes must be held carefully, for if one were to drop into the well 
it would be impossible to get it out without drawing the well. A pump is then attached to the 
upper cleaning-pipe by means of a reducing-socket ; the lower end of the cleaning-pipe is then 
raised and held about an inch above the accumulation by means of the gas-tongs : water is next 
poured down the well outside the cleaning-pipe, and, being pumped up through the cleaning- 
pipe, brings up with it the upper portion of the accumulation ; tne cleaning-pipe is gradually 
lowered, and the pumping continued until the whole of the stuff inside the well-tube is removed. 
The pump is then removed from the cleaning-pipe, and the deaning-pipes are withdrawn piece 
by piece ; and finally the pmnp is screwed on to, the upper end of the tube-well, Fig. 382, which 
is then in working order. 

The tube being very small, is in itself capable of containing only a very small supply of water, 
which would be exhausted by a few strokes of the pump ; the condition, therefore, upon which 
alone these tube-wells can be effective^ is that there shall oe a free fiow of water from ue outside 
through the apertures into the lower end of the tube. When the stratum in which the water is 
found is very porous, as in the case of g^vel and some sorts of chalk, the water flows freely ; and a 
yield has l>een obtained in 'such situations as great and rapid as tiie pump has been able to lift, 
that is 600 gallons an hour. In some other soils, such as sandy loam, the yield in itself may not 
be sufficiently rapid to supply the pump ; in such cases, the effect of constant pumping is to draw 
up with the water from the liottom a good deal of clay and sand, and so gradually to form a reser- 
voir, as it were, around the foot of the tube, in which water accumulates when the pump is not in 
action, as is the case in a common well. In dense days, however, of a close and very tenacious 
character, the American tube-well is not applicable, as the small perforations become sealed, and 
water will not enter the tube. When the stiatum reached by driving is a quidcsand, the quantity 
of sand drawn up from the water will be so great, that a considerable amount will have to be 
pimiped before the water will come up clear ; and even in some positions, when the quicksand is 
of great extent, the effect of the pumping may be to injure the foundations of adjoining buildings 
on the surface of the ground. 

The tube-well cannot itself be driven through rock, although it might be used for drawing 
water from a subjacent stratum through a hole bored in the rock to receive it. 

Subject to these conditions, these tube-weUs afford a ready and economical means for drawing 
water to the surface from a depth not exceeding 27 or 28 ft. 

Works and Papers on Artesian Wells: — Gamier, F., * Traits sur les Puits Art^siens,' 4to, Paris, 
1826. Hdrioourt de Thury, * Ck)nsid^rationB Geologiques et Physiques sur la cause du JailliBBement 
des Eaux des Puits For^ 8vo, Paris, 1829. Degouss^ et Saurent, * Guide du Sondeur,* 3 vols., 
Paris, 1861. G. B. Bumell, ' On Artesian WeUs,' Transactions Inst. 0. E., 8vo, 1864. B. Latham, 
'Papers on Water Supply,' Part I., 8vo, 1865. Van Ertbom, *M^moire sur les Puits Art^iens,' 
8vo, Anvers, 1866. 'Dru, * On the Machinery for Boring Artesian Wells,' Proceedings Inst. M. El, 
1867. 

ABTIFIGIAL STONE. Fb., Pierre artificidle; Gbb., KUnstlicher Siein; Ital., Pietra 
artifixiale; Span., Piedra artificial. 

See Stone. 

ARTILLEBT. Fb., ArtHlerie; Geb., Artilleries Ital., Artiglieria; Span., AHUteria, 

The term artillery is applied to all descriptions of ordnance, whether light or heavy, and everj' 
thing rec^uired for their service. 

A chief point in the science of gunnery, and one which limits its future, is the construction of 
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gnus of snfScient strength to curb and goyem the utmost force of any explosiye compound which 
maj be used in them. 

No modem theory of constructing g^ns can be called new, since guns are in existence 
that have been either recovered from wrecks, or preserved in other ways, showing every variety of 
coils, hoops, casting, wire-binding, and so on, as far as the appliances then in use could furnish 
the quondam inventors with means of carrving their inventions into effect. That in which novelty 
has been attained, is the improvement of processes by which large castings or forgings, accurate 
turning and boring, can be secured, or by which chemical knowledge can be brought to bear on 
the manipulation of metals ; but no such progress can make a built-up gun, or machine of any 
sort, stronger than a perfectly homogeneous one, in which the varying strains are closely cal- 
culated, and properly met bv the scientific disposition of the necessary strength. Thus, while 
we admire the ingenuity of the methods by which guns have been built up, we cannot think that 
such processes will now, more than in former times, continue to be preferred to well cast guns 
of good material. 

Guns are burst by two forces — ^the rending action of the powder gas, and the unequal heating 
of a nearly homogeneous metal ; but it is not, as supposed by some authors, by interior cracks 
caused by contraction, since metals do not contract but expand by heat ; and guns are often burst 
without such rapidity of firing as would induce sufficient heat to be felt on the outside, scarcely 
even on the inside of the gun. If cracks on the interior, and all observers are agreed on this 
point, are the first indications of the bursting of a gun — if this be accompanied by a sensible dila- 
tation of the bore, it is clear that, as the outside of the gun has not increased, though the inside 
has cracked, some of the metal has been compressed into a smaller space than it previously occu- 
pied, and this compression being greatest on the inside, as shown by the greater width of crack, 
ought to be resisted by a metal at that point harder, that is, having greater strength to resist im- 
pact, than at any other portion of the gun. In cannon cast solid in sand and afterwards bored 
out, the reverse is thQ case. Increased thickness of metal, as trunnions or other projections, will 
determine in many cases the line of fracture. A muzzle swell is beneficial, as tending to pre- 
vent vibration, which is beg^un at the point where the projectile leaves the gun, and the* true oon- 
cussive explosion takes place. The cascable, also, is not arbitrary, nor alone necessary for sup- 
porting a breeching ; but, like the tnmnions, reinforces the gun, though, unlike them, it does so 
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usefully, in consequence of being in the prolongation of the axis of the piece. We give two 
practical illustrations of the bursting of guns, Figs. 383, 385 ; and one of that of mortars. Fig. 384. 
Fig. 386 shows the comparative intensity of strains in a gun when the trunnions are under the 
plane, or when there is no cascable. 
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Now let us examine the parts in which the lines of least resistance are to be found. In the 
gun, a radial strain. Fig. 387, is exerted on all parts of the bore equally, except to the rear, where 
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it IB no longer radial bnt direct ; no longer resisted by wedges, as hereafter shown, but by a 
cylinder of iron which terminates in the cascable. At the trunnions, too, which are not often 
placed in modem guns in the horizontal plane of the axis, but below it, there will be another 
Une of least resistuice where the trunnions are not, the necessary consequence of a line of greatest 
resistance where they are. 

Still more is this seen in the mortar. Fig. 884, which has an enormously greater lateral resist- 
ance at the trunnions than at the muzzle. This would feel the want of a cascable also, were it 
not that the powder-chamber is conical, and smaller than the bore ; but as it is, it splits open as if 
wedges had been driven into the muzzle— the guns as if wedges had been driven into the breech. 

J. A. Longridge, in a paper ^' On the Ck)nstruction of Artillery,** read before the Institution of 
Civil Engineers, came to the conclusion that the required object could be attained by constructing a 
gun in such an initial state of equilibrium, that when the varying strain, caused by internal pres- 
sure, should come upon it, the initial strain should be equivalent to the induced strain, and the sum 
of the two strains constant throughout. With the view of proving the truth of these conclusions, 
J. A. Longridge caused a series of experiments to be made, the first of which was to ascertain the 
ultimate force of gunpowder. A number of cast-iron cylinders 1 in. diameter and 0*1 in. thick 
were prepared. They were bored and turned accurately, and purposely made of very hard, brittle 
iron, so as of themselves to give the minimum of strength. These cylinders were then wrapped 
round with iron wire, the tensile strength of which had been previously ascertained. The number 
of coils varied with the degree of strength required, and each coil was laid on with the initial 
strain, which the experimenter's calculations led him to believe would, at the moment of bursting, 
cause all the coils to give way together. The cylinders were filled with Gk)vemment cannon- 
powder, and the ends secured, leaving no vent but a touch-hole the size of a small pin, through 
which the powder was exploded. Several of these burst ; but it was found that a cylinder with 
ten coils of wire upon it could not be burst. The diametral section of the cast iron was 0*2 in. ; 

and taking its strength at 8 tons the square inch, the result is 

Tour. 
^ths of an inch x 8 tons per square inch . . . . = 1*6 
There were ten coils of wire, each wire by experiment broke with 
60 lbs., and was ^th inch in diameter ; therefore the tensile 
strength of the two sides = 2x28x60xl0-»- 2240 .. .. = 15*0 



Total strength 



16*6 



The internal diameter of the cylinder was 1 inch, consequently the ultimate strength of the 
powder did not exceed 17 tons a square inch. This must not, however, be held as the maximum 
effect that may be produced. The explosion of powder is more of an impact than a pressure ; and 
although, strictly speaking, impact is only a pressure of short duration, the length of this duration 
is generally admitted to have great influence upon the efiect produced. It has been stated that 
a bar to resist, with safety, the sudden application of a given pull, requires to have twice the 
strength that is necessary to resist the gnulual application and steady action of the same pull. 
From this follows that, the more rapid the explosion, the greater the strain upon the gun. Not 
that the ultimate pressure is greater ; but that, being produced in less time, its efiect is greater. 

The cause of weakness in a cast-iron gun is, in the first place, that the actual strength of the 
interior of a large gun, or mortar, is far below that of the average of ordinary castings, and always 
must be so whilst guns are cast solid. So long as this is the case, the outside must cool and 
solidify first ; whilst the interior, cooling more slowly, must be drawn and rendered less dense, 
and consequently less resisting. This cannot be obviated by any care in selecting material. 

The worst part of this iron, in the chase of the gun, is afterwards bored out ; but still the 
metal around the internal circumference is weakened below the average ; and at the bottom of 
the powder-chamber it is in the worst possible condition. This is fully accounted for by the law 
of cooling. Whenever a variation in thickness occurs, a difference in the rate of cooling must 
also take place ; this alone gpives rise to a state of varied stress amongst the particles of the metal, 
diminishing the effiect of the metal as a resisting substance. In ordinary castings this is well 
understood ; but the same law operates in guns, though in a smaller degree ; take, for instance, 
the accompanying sketch of a gun, Fig. 388, distorted in its 
proportions, for the sake of illustration, and suppose it to 
nave cooled down after casting. Although, in the present 
state of our knowledge of the subject, it would be impossible 
to determine the absolute position of the isothermal lines at 
any period of cooling, yet it is certain they must approximate 
to the dotted lines shown in Fig. 388 ; and following these 
lines according to some definite law, would be the lines of 
equal stress of the particles of the g^un, when cold. When, 
therefore, the g^un is bored out. it is evident that the inner 
circumference of the bore must oe in a state of varying strain, 
and that strain is one of tension. Consequently, the internal 
part of the gun is, throughout, in an initial state of more or 
less tension ; and, as regards its power to resist a tensile strain, 
it is inferior to the normal, or average strength of the material. 
But beyond this, whenever a change of dimensions occurs, the 
cooling will give rise to varying stniins, which may account for 
fracture taking place at those particular parts. To obviate this, wrought iron and steel have been 
tried, and in point of workmanship great results have been arrived at ; but the same objections apply 
as to guns of cast iron ; the inner part of the gun must be in a state of initial tension. The expense 
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and difficulty <^ manufaotare are aLm yery great. As a speoimdn of steel manofaeture, the gun 
forged by Kriipp, and afterwards bored and mounted in a cast-iron jacket at Woolwich, may be 
instanced. It was bored out to 8 in., and was from 4 to 4*5 in. thick. Taking the tensile force of 
hammered cast steel at 40 tons to the square inch, the resistance would be from 320 to 360 tons, 
which, if the strain had been uniform throughout, would haye been equal to between 40 and 
45 tons to the square inch on the diameter ; yet the gun burst at the first discharge, with 25 lbs. 
of powder and a 260 lb. shot. Mallet mentions a wrought-iron 8-in. gun, forged at the Gospel 
Oak Iron-works, and proyed at Woolwich in 1855, which burst into several pieces at the first 
discharge. The thiclmess at the breech end of this gun, which was stated to be of nearly the 
same dimensions as the established cast-iron guns of the same calibre, was about 9 in. ; and, 
taking the tensile force at 20 tons to the square inch, the material, provided it had been uniformly 
strained, ought to have resisted a diametral strain of 360 tons, or about 45 tons to the square inch. 
Thia gun, which appeared in every respect sound to the eye and of perfect material, burst with a 
proof-charge of 28 lbs. of powder and two spherical 8 in. shot. The conclusion has been arrived 
at, that the manufacture of large forged wrought-iron guns is an operation of great difficulty, 
expense, and uncertainty; and however the difficulty and expense may be decreased, the 
uncertainty must still remain ; at the best, it is but substituting for cast iron a material of higher 
tensile strength ; the radical defect of a homogeneous mass still remaining, namely, the unequal 
distribution of the strain from the inner to the outer circumference. The same remarks apply 
with still greater force to guns of hammered cast steel, of large dimensions. The principle, which 
appears to be the basis of a sound and reliable construction, is that of manufacturing the gun of 
successive layers, laid on with an original increasing strain, from the centre to the circumference. 

There is an objection to the use of hoops, from the want of con- 
tinuity. The special requirement is, that each layer of the gun shall 
be in a definite initial state of tension or compression previous to 
explosion. 

If, in Fig. 389, ABCD represents a portion of a section of an 
8-in. gun. of which A G B is the inner and D F C the outer circum- 
ference, the state of tension of any particle between G and F may be 
denoted by ordinates drawn at the points in question, those above 
G F representing tension, and those below, compression. If, now, the 
gun is of any homogeneous material, such as cast iron, the state of 
tension at the time of explosion, and when the gun is about to burst, 
will be denoted by a curve H I, or H i. Then, supposing the tensile 
force of the material to be 12 tons to the square inch, and the thickness 
of the gun 6*5 in., when the strain at G is G H, or 12 tons, at F it is 
FI = 3 tons, or Fi = 1-75 ton. according as the one or the other 
formula is adopted. The areas of these curves give, of course, the total 
strengths of the gun at the bursting point, and are found to be 36*72 
tons and 30*871 tons respectively, instead of 78 tons, which it would 
have been if uniformly strained at 12 tons to the square inch. Now 
the object sought to be attained in the method of construction under 
consideration is, that each particle, such as E, shall, when explosion 
takes place, be equally strained with G. In' order that this may be so, 
the initial state oi the tension must be such as represented by the curve L N M, those between 
G and N being in compression, while those particles between N and M are in tension. 

If, now, it is attempted to accomplish this by means of hoops, it will be found impossible, 
inasmuch as each hoop is a homogeneous cylinder, and follows the same law throughout its thick- 
ness, as is represented by the curve H I. Figs. 390, 391, and 392, represent the successive states of 
stress of rings, put on so as that when ex^osion takes place they shall be all equally strained 
at their inner circumferences. Fig. 390 shows two rings ; Fig. 391 shows three rings ; Fig. 392 
shows four rings. The numbers denote the strains in tons per square inch. From this it will be 
seen that when the four rings are put on, instead of the curve L In M of Fig. 389« there are a series 
of abrupt changes, the two inner rings being in compression, and the two outer in tension. When 
the explosion takes place, the state of maximum strain is represented by Fig. 393. 

The area between the dotted and full lines shows the work done by the explosion, and, taking 
the total thickness of the gun, it amounts to 10* 1 tons to the inch of thickness ; whereas, had the 
construction been of very thin rings or of small wire, it would have been represented by the area 
between the dotted line L N M O H, Fig. 389, and would have been = 12 tons to the inch of 
thickness, showing a superiority of about 20 per cent, in favour of the wire over the hoops. This 
is upon the supposition that the workmanship of the hoops is perfect, which is not the case in 
practice. To afford some idea of the accuracy required, the raaii of the several rings, shown in 
Fig. 393, are given in the following Table : — 




No. of 
Ring. 



1 
2 
3 
4 



Inner RadioB. 



4*0000 
5*3191 
7*2893 
9*4598 



Cater Badins. 



5*3222 

7*2928 

9*4633 

11*8247 



Thlcknen. 



1*3222 
1*9737 
2 1740 
2*3649 



Difference. 






Pt 
P% 

P4 



0031 
0035 
0035 



Thus it appears, that in order to give the requisite amount of initial stress, the external radius 
of the first ring must be TiAnm ^^ ^° mfi\ or about -^ of an inch larger than the internal radius 
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' "' ■■ 'be same gun when the outer ring has been made 




The reeolt is, that before eiplosion the maiimum eompresaion of the inner ring is incre«ised 
ftoni lO'OaU tons to 11244 tons, and the maiimum tension of the outer ring from 5-778 tons to 
7*823 tons to the square inch : whilst si the time of maiimum strain during explosion the tension 
(J the same ring is only 2268 tooa, although the outer ring is strained to 12 tons, its aseumed 
ultimate stren^h. The absolute strength of the gun is thus reduced from an overage of 10 ■ 5 tons 
to 6 tons per inch thickness, or about 40 per cent,, by an error of only -^^^ of an inch in a rinir 
about 17 inches in diameter. Kiuge, therefore, present pra(^tical difficulties which are entirelr 
avoided by the use of wire, as it may be coiled on with the exact strain indicated by theory. The 
method adopted by J. A. Longridge was to coil a qnantity of wire on a drum, Sied with its axis 
parallel to that of a lathe on which the guu was placed. On the axis of this drum there was 
another drum, to which was applied a break, similar in principle to Pronj's dynamometric break, 
so adjusted as to give the exact tension required for each succeasive coil of the wire. The whole 
apparatus was extremely simple, and the wire laid on with great regularity. It is evident the 
apparatus might be so arranged that the process would proceed with the same ease and regularity 
as winding a thread on to a bobbin, and at tbe same tune with the greatest accuracy as regards 
the initial tension. No such facility attends the use of hoops. They must be socuratclv bored - 
and after each layer is put on, the gun must be placed in the lathe, and the hoops turned on the 
outside. Great accuracy is iudiapensable; and not only is the amount of labour much greater 
but it must be of a far higher and consequently of a more expensive class, Then, as to the 
accuracy of tension with hoops, its atttainment is almost impracticable, while the pniceas of 
shrinking on ia not to be depended upon. Not only is there a difficulty in insuring the exact 
temperature required, but scarcely any two pieces of iron will shrtsk identically ; and when the 
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>erfect accuracy is apparent. Iljf 
*ijostatic pressure into a gun/ 
*'Qited Service Institution, / 
'der, Fig 396, conslBtin^ 



r-^^<;ja^^>^ii»^-,Wi^ 



^^fe^^»»^-l^-> f 



%bout 15 in. along the cylinder, and were reduced 
^e thickness of th^ cylinder was, 

1 + |~in. iron = | in. 
+ i*in. iron = ) in. 

.y be compared, being, 

'; . .. 2*37 in. 
.. 0*75 in. 

nnions ; it was cleated with wood ; and 

izzle, was simply to cover the ends of 

^iple involved, and was only used to 



r 










•:s 









V V 



-, * .• 



^ EL 

.vness 01 
gun was iirt 
oeing truly boreu, 
4,ained without iu- 
.d* firing, with charges 
. one shot and 4 lbs. of 
J one shot, two wads, and 
yt powder. At the third round 
Ak this latter charge it burst. This 
gun had a thickness of only 2*5 in. 
round the charges, as compared with 
a service 2i-pounder 6 in. in thickness. 
Capt. Blakely next got a d-pounder. 



*i 



5 





^ ^^der and one round 

ind, with a slight 

U. It stood the 

s of Ordnance, 



X 
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of such a size as to replace the metal removed. This gun was fired, round for rounds ' 
iron service-gun of the same size and weight. The following Table gives the resuir. ^^ 



weight 



following 



gives tne result :-Z. 



No. of Shot 


Charse of 
Powder. 


No. of 
Shot 


No. of Bouzxla fired. 


No. of Shot 

Fired 

fhim Service-QiuL 


Blakely. 


Blakelj'a. 


Serrloe. 




Iba. 










4 


8 


2 


2 


2 


4 


86 


3 


1 


86 


86 


86 


26 


4 


1 


26 


26 


26 


5 


5 


1 


5 


5 


5 


10 


5 


2 


5 


5 


10 


636 


6 


2 


318 


110 


Burst 220 


3 


6 


3 








4 


6 


4 








5 


6 


5 








6 


6 


6 








7 


6 


7 


X 






8 


6 


8 


* . 






9 


6 


9 








1580 


6 


10 


158 






2389 


• a 


• a 


607 


234 


351 




\ 



Thus it appears that Captain Blakely's gun stood 607 rounds, and the Government service-gun 

only 234 rounas ; the number of shot thrown being 2389 and 351 respectively, or neariy as 7 to 1. 

Proceeding with Longridge's experiments, the first point to be settled is the amount of initial 

3^ — r^ 
stram to be put on each coil. The fonnula adopted by Longridge was < = T . — -^ — • 

According to Professor Hart's investigation, the formula is < = T . B —7 — ; — r, which, in the 

* C** + y) 
T B X — r 

case of small wire is nearly t = . — : — . 

« a?-h r 

These, however, are general formulie which require modification, according to the varying 
circumstances of each case, before they can be applied to practice. 

Experiments on cylinders prepared according to the first formula were conducted as follows. 
A number of brass cylinders were prepared of exactiy the same dimensions, namely :— > 

Internal diameter 1 in. 

External „ ^i^ in* 

Thickness of brass A^* 



of the «eooDd ; the external radii of the iecond uid third tMjji °f ™ inch greater than the 
internal radii of the rioga next to them. Therefore, whilst the whole effect depends upon ao small 
a quantity as about ^ of aa incli, it ia evident that a very amall enor in workmanship will 
materiaUf affect the result, and l«nd to deviations from the proper initial atiaina. 




Fig 394 represents the statea of Btreas of the rings before elploeion and at the instant of 
maximum rtiain, when the rings are accurately pat on. 

Fig. 395 represents the states of stress of the same gun when the enter ring has been made 
jjjOfaQinchtoosmaU. 





The result is, that before exploeion the maximum compression of the inner ring ia increased 
f^om 10'086 tons to 11-244 tons, and the maximum tension of the outer ring from 5778 tons to 
7 '823 tons to the square inch; whilst at the time of maiireum strain during explosion the tension 
of the same ring ia only 2 268 tons, although the outer ring is strained to 12 tons, its assumed 
ultimate strength. The absolute etrength of ttie gun is thus redncedfrom an Bveraj^c ot 10 5 tons 
to 6 tons per inch thiekneaa, or about 40 per cent., by an error of only j;,j-, of an inch in a ring 
abont 17 inches in diameter. Rings, therefore, present practical difficmtios which are entirely 
avoided by the use of wire, as it may be coiled on with the exact strain indicated by theory. The 
method adopted by J. A. Longridge was to ooil a quantity of wire on a drum, fixed with its axU 
parallel to that of a lathe on which the gun was placed. On the axis of this drum there waa 
another drum, to which waa applied a break, similar in principle to Pronj's dynamometrio break, 
so adjusted as to give the exact tension required fur each successive coil of the wire. The whole 
apparatus was extremely simple, and the wire laid on with great regularity. It is evident the 
apparatus might be so arranged that the process would proceed with the Bame ease and regularity 
as winding a thread on to a bobbin, and at the same time with the greatest aocoracy as regard* 
the initial tension. No such facility attends the use of hoops. They must be accorately hored; 
and after each layer is put on, the gun must be placed in the lathe, and the hoops turned on the 
outside. Great accuracy is indispensable ; and not only is the amount of labour much greater, 
but it must be of a far higher and consequently of a more expensive class. Then, as to the 
accuracy of tension with hoops, its atttainment is almost impracticable, while the process of 
shrinking on is not to be depended upon. Not only is there a difficulty in insuring the exact 
temperature required, but scaioely any two pieces of iron will shrink identically ; and when the 
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■^ part of an inch of contraction would give rise to a great variation in tenBion, the necessity of 

Eerfect accuracy is apparent. It has been proposed to force the hoops in longitudinal sections by 
ydrostatic pressure into a gun slightly conical. Captain Blakely,. in a lecture given by him at 
the United Service Institution, in 1859, gave an account of his experiments. His first gun was an 
18-pounder, Fig 396, consisting of one series of wrought-iron rings shrunk on a cast-iron cylinder. 



396. 




5-5 -in. in diameter inside, and If in. thick. The wiought-iron rings were from 2 in. thick 
downwards ; the total thickness of the breech was 3} in., that of the ordinary 18-pounder service- 
gun being 5f in. This gun was fired frequently, and stood well. It was then bored out as a 
24-pounder ; but not being truly bored, the cast iron was reduced on one side to only i in. thick. 
In this state it sustained without in- 

jury several hours' firing, with charges ^^' 

varying from one shot and 4 lbs. of 
powder, to one shot, two wads, and 
8 lbs. of powder. At the third roimd 
with this latter charge it burst. This 
gun had a thickness of only 2*5 in. 
round the charges, as compared with 
a service 24-pounder 6 in. in thickness. 
Capt. Blskkely next got a 9-pounder, 
Fig. 397, turned down from the trunnions to the breech, and on this part he put wrought-iron rings 
of such a size as to replace the metal removed. This gim was fired, round for roun<^ with a caJ^ 
iron service-gun of the same size and weight. The following Table gives the result : — 




No. ofSbot 
Blakely. 



Chaif^eof 
Powder. 



No. of 
Shot. 



No. of Bounds fired. 



BlAkely'8. 



Service. 



No. of Shot 

Fired 

ftxnn Servioe^iuL 



4 

86 

26 

5 

10 

636 

3 

4 

5 

6 

7 

8 

9 

1580 



Um. 








8 


2 


2 
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1 


86 


86 
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1 


26 


26 


5 


1 


5 


5 


5 


2 


5 


5 


6 


2 


318 


110 


6 


3 






6 


4 






6 


5 






6 


6 






6 


7 






6 


8 






6 


9 






6 


10 


158 





4 
86 
26 

5 

10 

Burst 220 



2389 



607 



234 



351 



Thus it appears that Captain Blakely's gun stood 607 rounds, and the Government service-gun 
only 234 rounds ; the number of shot thrown being 2389 and 351 respectively, or nearly as 7 to 1. 

Proceeding with Longridge*s experiments, the first point to be settled is the amount of initial 

jT* — r» 
strain to be put on each coil. The fonnula adopted by Longridge was < = T . — ^ — • 

x^ -^ f t/ 
According to Professor Hart's investigation, the formula is < = T . B , which, in the 

* C'' T y^ 

case of small wire is nearly t = . — ■ — . 

X x+ r 

These, however, are general formulae which require modification, according to the varying 
circumstances of each case, before they can be applied to practice. 

Experiments on cylinders prepared according to the first formula were conducted as follows. 
A number of brass cylinders were prepared of exactiy the same dimensions, namely :-~ 

Internal diameter 1 in. 

External „ ^^ i°* 

Thickness of brass A^* 
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lo afford aeatmg to two gun-metal bftUs, 



These cflindera were aecnrately turned and bored, luid had n flange ^ in. Id depth and j^ In. In 

thickness, at each end. Eaeh end was widened out, eo as ' " ' ■• . ■ .., l.i,_ 

which were accurately ground to fit them. The total 
content of each cylinder, with the bella in their places, 
Waa 300 grains of the best Bporting-powder. When 
the powder waa put into the cylioder, and the balls 
were placed at each end, the whole was bound together 
by a very strong wrought-iron strap, similar to the strap 
of a connecting-rod, with a jib and cotter. The cotter 
was driven tightly home, and tho powder was then fired 
through a small toach-hole left in the Bide-seatiug, 
Fig. 398. 

The first eiperiments were to ascertain the eflect of 
the powdN on the cylinders, withont any wire. They 
wora commenced with charges of powder, beginning at 50 grains, 

The resolts were aa follows ;— 
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Bulged a litae more. 


3 






70 


„ external diam.l A- 
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No eflect. 






Without wire.. ' 


100 


Bulged at loose end. 
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Bix coils of A i>^ 


100 
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110 
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fSarne eylimier, with one coil of 
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100 


(Burst, the end of the wire being b»dlj 






[ fastGoed ; wire uninjured. 
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Two ooila itf ^ wire 


100 


No effect. 
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Four coils of ^ wire 


120 
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180 




23 
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200 
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The strength of the wire used in these eiperiments waa ascertained, by trial, to be as renrtiog 
a dead tension : — 

J, .. 23lbe. = 120,000 lbs. the sq. in. 
Vi-. 701bB.= 92,000 lbs. the sq. in. 
If now the expansive force of the powder is taken to bo invoraelj aa the volnme, its ultimata 
strength may be approximately arrived at from the last experiment. The powder then could not 
burst the cylinder. Now the strength of the cylinder, supposing all the material to be equally 
strained, could not exceed the following to the lineal inch of cylinder ; — 

Wire 17,9201bs. 

Brass .. 3,136 „ 

21,056 lbs., or9'4tons. 

As the internal diameter w 
Experiment 23 did not exceed 

pressure, supposing the cylinder to have h 

The enormous strain to which these cylinders were snhjected is evinced by the efFecta upon 
the gun-metal balls, which were more oi less cat away by the gases where they touched the 
cylinders. 

A subsequent experiment was conducted in the following manner: — 

A brass cylinder. Fig. BUS, was constructed of nearly the same inlenwl dimensions as a 3-ponnd 
tnountain-gun about 3 in. diameter and 36 in. long. The thickness of the brass was ^ in. ; at 
the bre«ch end it wm covered with six ooils of steel wir«^ square in section, and of No. 16 wire- 



1 full, could not exceed 9-4 > 
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g^^^ = 1^ of an inch. These ooila extended about 15 in. along the cylinder, and were reduced 
towards the muzzle to two ooila. Consequently, the thickness of the cylinder was. 

At the breech ^in. brass + f-in. iron = | in. 
„ muzzle ^in. brass + i*in. iron = ) in. 
The thickness of the 3-pounder gun, with which it may be compared, being, 

At the breech 2*37 in. 

„ muzzle 0'75in. 

This cylinder was not mounted as a gun ; it had no trunnions ; it was cleated with wood ; and 
the object of a deep steel ring, which was screwed on the muzzle, was simply to cover the ends of 
the deating. This cleating had nothing to do with the principle involved, and was only used to 
screen the construction from general obs^vation. 

Sf9. 




This cylinder was proved with repeated charges, varying from 4 lb. of powder and one round 
shot, to 1} lb. of powder and two shots. The cylinder was simply laid on the ground, with a slight 
elevation, its breech abutting against a massive stone wall, so as to prevent recoil. It stood the 
proof without injury. Another ^ial was made with this gun, before the Committee of Ordnance, 
m the following manner : — 

The gun was clamped on a block of oak with iron clamps, and allowed to recoil on a wooden 
platform. Two rounds were fired ; first with a charge of 1 Id. of powder, one shot, fixed to wood 
bottom, and one wood over the shot ; the recoil was 7 ft. ; the gun was found to have slightly 
shifted its position on the block ; a trifling expansion of the wire had also taken place at the breech. 
At the second round the gun was fired with 2 lbs. of powder, one shot, and one wad, and burst ; the 
separation took place about 2 in. in front of the base-ring ; the breech was completely separated 
from the rest of the gun, and was blown 90 yds. directly to the rear. The wire was unravelled 
to the length of 3 or 4 ft., and the brass cylinder burst in a peculiar manner, turning its ends 
upwards and outwards. It also opened slightly at the centre of the gun ; but the wire did not 
give way at that point. The ordinary proo&hu'ge for a gun of this diameter would be l^lb. 
shot and one wad. 

In order to try more particularly the effect of the wire in giving strength to the cylinder, this 
gun was, after bursting, sawn in two at the centre, and one end of each portion was plugged with 
a brass plug, which was secured in its place by iron bands and several coils of wire : these guns 
were then secured to slides of wood, as in the former instance ; they were placed opposite the 
proof-butt, and that made from the breech end was loaded with ^ lb. powder, and shot. It burst ; 
the breech being blown out, and the wire uncoiling to a considerable extent. 

The muzzle portion was then loaded with a similar charge. It did not burst ; but was much 
shaken by the discharge, and portions of the iron bands gave way. It was then loaded with 1 lb. 
of powder and one shot, which, on discharge, burst in two places, the breech being completely 
separated from the gun, and the slide on which it had been fired was rent into several pieces.] 

The bursting of this cylinder was not due to its construction, but to the manner in which it was 
mounted, shown in Figs. 400, 401. 



400. 




401. 




Experiments were afterwards made with a piece of the broken cylinder about 2 it. in length» 
stripped of all the wire, with the exception of two coils. It was then a brass tube 2 ft. long and 
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n. thick, witb two eoila of Bqimre steel w 



a. thick, making t^:«ther { in. brsM and 
OTemment CBnaan-powder, uid the ends 
e filled with oloacly-flttine wood plugs, flied tightly with iron wedges. A trench 3 ft, deep 
waa then dug in stiff clay, and the cjlioder laid at the bottom. At each end a railway sleeper was 
driven firmlj' into the clay : the trench was then filled in, and the clay well pounded with a heavy 
beater. The powder whs then fired by means of a patent fuse. The whole of this armngement is 
shown in Fi);. 402. The wooden plugs and sleepers were thrown out with great violenoe, and a 
large mass of clay blown ont at etich end, bnt the cylinder remained uninjured. 





It was, after this, charged with 2 lbs. of powder, the enda filled with closely-fitting iron plagci, 
and the whole bound together. Fig 403, by an iron strap of a sectional area of 5 sq. in. The 
powder was then ignited, and the iron strap torn smmder, but the cylinder remained intact, except 
at the ends, where, from the wire being imperfectly fastened, it uncoiled, and the cylinder was 
torn open. Taking the tensile force of the iron strap at IS tons the sijiiare inch, the forcoof the 
powder mnat have Deen aboTe IS tons the square inch : yet this was resisted by J in. of brass and 
f in, of steel wire. 

The diametral strain mnst have been 39 tons ; and, taking the brass at 10 tons the si^DBre inch, 
it leaves 34 Ions for the steel wire, which, divided over the two sides, or J in., would giTe for the 
ultimate resisting strength of the wire not less than 

136 tons the square inch of section. The wire used was *<>*■ 

of the finest quality. 

Further eiperiments were now instituted; firstly, tc 
try the effect of wire in enabling hard cast iron to re- 
sist a bursting strain ; secondly, with a view of ascer- 
taining whether it was possible to tiansmit the force ol 
the powder through a thin breech of cast iron to a 
yielding substance placed between that breech and the 
carriage of the gun. 

Two sets of cylinders were prepared : the first set 
arranged as shown in Fig. 404, where A is the powder- 
chamber ; B B, cast-iron plugs ; C, the space between 
the bottom of the powder and the plug B, filled up 
with a soft material ; D, a wrought-iron ^ran^ with jib 
and cotter for keying up the plugs B B. The object 

was to ascertain whether the disfSragm at EE would be shattered by the forceof the eiplosi 
8!x cylinders were thus prepared, and charged with from 50 to 250 grains of Government cann 
powder, the total contents of the cylinder being 310 grains. 

The foUowing were the results : — 




HnUrlal behlml lb* Dtaptinigm. 



Eight coils 
Ten coils 



No effect 
Burst .. . 
No effect 
Flange burst. 



Iron wire. No. 21 gangf, ^, in. diameter, was used ; its breaking-stnin was 60 lbs. 

In no case was the bottoin of the cylinder injured, except in the aeoond experiment with 
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405 



cylinder No. 8, when the gatta-peroha was softened by the heat of the first explosion. The lead 
transmitted the force perfectly in every case ; showing that there is no prac- 
tical difficulty in transmitting the force through even so thin a diaphragm 
as -^of an inch, even when of so brittle a material as cast iron. 

The second set of cylinders, Fig. 405, each contained 305 grains when 
full to the plug. The plugs fitted accurately, and the powder was fired 
through a small touch-hole, the size of a pin, with the following results : — 




No. of 
Cylixuier. 



Wire. 



Charge. 
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7 
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Four coils 

n »» 

Eight coils 
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Four coils 
Ten coils 



gnina. 

40 

50 

60 

70 

80 

1»0 

150 

200 

220 

240 

250 

260 

270 

280 

2d0 

200 

220 

230 

240 

200 

250 

310 



Reialta 



No effect. 



»i 



n 



11 

Burst. 



No effect. 
Flange burst. 
No effect . . 



Remarkfl. 



1* 

11 



A wrought-iron flange 
I in. deep, contracted 
on flange. 



No effect. 



No effect. 



Hoop on flange shifted. 

Flange cracked. 
Flange cracked. 



In these experiments the same wire as in the last was used. Its breaking strain was 601bs. ; 
consequently, the actual strength of the material in the cylinder to the lineal inch was : — 









Tons. 


Tons. 


No.O. 


Cast iron 0*10 x 2 x tons .. . 
Nil. 


= 


1-76 


1-76 




' Cast iron, as aboye 


z^ 


1-76 




„ 2.. 


Wire4x28x2x^^ .. . 


= 


600 


7*76 




Cast Iron, as above 


_„ 


1-76 




11 7. 


fiO 

Wire8x28x2x^2,-o •■ • 


= 


1210 


13 '76 


„ 5. 


BameasNo. 7 


= 


• * 


13*76 


„ 4. 


n » 2 


= 


• • 


7-76 




' Cast iron 


. =: 


1-76 




„10. 


Wire 10 X 28 X 2 X ^240 " " 


. ^ 


1500 


16-76 



The enormous force of the expansive gases in these experiments was shown by their action on 
the plugs, which, although accurately fitted and of hard iron, were chiselled and grooved out in an 
extraordinary manner ; the rents, too, were rapidly enlarged. The results obtained as regards 
strength were so conclusive, that Lougridge proceeded to construct a small gun, represented in 
Fig. 406. This gun was 2*9d in. in bore, and 36 in. long in the clear; it had on it twelve coils 
of JNo. 16 W. G. iron wire at the breech, decreasing to four coils at the muzzle. The thickness of 
cast iron was -^ in. at the breech and ^ in. at the muzzle.' The gun was cast hollow, and a recess 
left in the thick part of the breech, in which an india-rubber washer, f in. thick, was placed. 
The trunnions formed no part of the gun, but consisted of a strap passing round the breech, with 
two side-rods extending aoout one-third the length of the gun, and terminating in the trunnions 
themselves. Thus the whole force of the recoil was transmitted through the heavy mass at the 
breech, then through the caoutchouc, and along the side-rods to the trunnions. The whole was 
mounted on a wood carriage on four roller-wheels, about 8 in. in diameter. The weight of the 
gun and wxought-iron trunnion-strap was 3cwt., and the carriage 2 cwt. qr. ISrlbs., malang a total 
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of 5 cwt. Oqr. 15 lbs. The ahot were oast as nearly the size of the bore as possible, so as to move 
.freely, but with very little windage. The sphenoal shot weighed S| lbs., and the conical shot 



406. 













2:i^^s^s^2 










from 6 to 7} lbs. The following Table exhibits the results of the trial of this gun with 70° eleva- 
tion, Grovemment cannon-powder being used. 



Ka 



Defciiptioo of 
Shot 



Weight 



9 
4 
5 
6 
8 
7 
10 
11 



Round .. 
Elongated 



n 

»» 

»» 



lbs. 

2! 

6 

7i 

7 

7 

6i 

6J 



Charge of 
Pbwder. 



? 

7 
7 
7 
7 
7 
7 
7 



OS. 

11 
11 
8 
11 
11 
16 
16 
16 



Range to Flint Orase. 



1400 

1200 

1220 

1542 
Lost beyond 1500 
„ 1800 

1500 
Lost beyond 1800 




The variations in range were due, partly, to not having very exact means of adjusting the 
elevations, and partly to differences in the form of the snot. The trials just described were, 
moreover, only intended as preliminary, it being intended to ciirry out a more complete series at 
another time. Unfortimately, this intention was frustrated by an accident which destroyed the 
gun. Longridge had an idea that it might be possible to obtain more accuracy of flight by 
using shot somewhat on the principle of an arrow. Fig. 407, with a long, light shaft, and heavy 
head. The head was of cast iron, and weighed about 8£lb8. ; 
the shaft was of fir, fitted tightly into the iron head. When ^^> 

fired by mistake with a heavy charge of powder, the wood ^^^-^ ^^^ __. , 
was driven forward with great force, entermg and splitting ^^ot^^^^£j^'<^-:^yiopo 
the iron head. This was wedged so tightlv in the chase, ^^ ' ' "^^-^ ^-^ ^^' 
that it never left the gun, but tore it asunder about 12 in. 
from the muzzle. The muzzle with the shot in it were thrown forward about 15 yds., and the 
wire was uncoiled, but not broken. This accident was due to the action of the shot, and had 
nothing to do with the principle upon which the gun was constructed. Enough, however, had been 
done to show that, with a gun weighing only 3 cwt., a shot of 7llbs. could be thrown from 1500 
to 1800 yds., a result, it is believed, not attainable by any 6-pounder in the service. 

We now proceed to describe the guns recently adopted by the French navy. These guns aro 
of cast iron, strengthened by steel hoops up to the trunnions, or even a little further on the chase ; 
thev are all rifled and breech-loading. The shot used are of two lands : — 1. Oblong, or elongated 
hollow shot, containing gunpowder and an arrangement for flring it at the moment of impact ; 
2. Cast steel cylindrical, or cylindrical ogival-headed shot, to be used against iron-dad vessels ; 
the former at short, the latter at long distances. Both kinds of shot are provided with two rows 
of projections, fitting in the rifled grooves of the gun, and made of zinc, copper, or bronze. The 
powder-cartridges are made of parchment-paper, while a wad of cork or dry sea-weed is placed 
oetween the powder and the projectile. The calibre of these guns is * 16 m. ; * 19 m. ; * 24 m. ; 
* 27 m. The following are the chief dimensions of each of these guns :— 

Sifted Oun o/0'16 m. Cb/i&rtf. 

Total length 3*885 m. 

Diameter at the breech 0*634 m. 

Diameter of bore 0*1647 m. 

Weight of gun 5000 kUos, 

The bore is made with three parabolic grooves, the inclination of which varies from 0° at tha 
beginning to 6° at the mouth of the gun. With a chaige of 5 kUoe. of powder, and elongated 
projectile weighing 81*5 kilosl, and a wad 0*16 m. in length, the range of this gun was as 

lollowi :^ 

950 metres, at an angle of 2° 
8500 „ „ „ 10° 
7250 „ „ „ 35° 
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At this last distance the lateral deviation is 16 metres, and the longitudinal deviation, on an 
average, 44 mMres. With a charge of 7' 5 kilos., and a steel cylindrical, or cylindrical ogival- 
headed shot weighing 45 kilos., the range of the ogival-headed projectile at 4° was about 1700 
metres ; the correctness and length of range were about the same as when the elongated shot and 
a charge of 5 kilos, were used. The last-mentioned steel shot must not be fir^ at iron-clad 
vessels at a greater distance than 600 metres ; but at a distance of 800 metres this steel shot per- 
forates iron plates of 15 centimetres' thickness. 

Rified Gun 0/ 0-19 m. Calibre, 

Total length 3*800 m. 

Diameter at the breech 0'772 m. 

Diameter of bore * 194 m. 

Weight of gun 8000 kUos. 

The bore is made with five parabolic grooves, the inclination of which varies from 0° at the 
beginning to 6^ at the mouth of the gun. With a charge of 8 kOos., a cast-iron projectile weighing 
52 kilos., and a wadding of sea-we^ 190 millimetres long, between the powder and shot, the 
range of this gun was : — 

900 metres, at an angle of 2^ 
3300 „ „ „ 10° 

7000 „ „ „ SS*' 

At this last distance the lateral deviation is about 14 metres, and the average longitudinal 
deviation about 42 metres. With a charge of 12*5 kilos., and a cylindrical, or cylindrical ogival- 
headed projectile weighing 75 kilos., the range of this gun is, under the same angle of inclination, 
nearly the same for a distance of from 800 to 1000 metres. The cylindrical projectile is, how- 
ever, only intended to be fired to a distance of 300 metres. The solid steel projectiles are 
formidable weapons against iron-clad vessels covered with armour-plates of 15 centimetres, at 
distances varying from 800 metres for the cylindrical and 800 metres for the cylindrical ogival- 
headed shot. 

Rified Qun 0/ 0*24 m. Cdlihre, 

Total length 4 560 m. 

Diameter of the breech 0'980m. 

Diameter of the bore 0'240m. 

Weight of the gun 14,000 kUoe. 

The bore is made with five parabolic grooves, the inclination of which varies from 0° to 6°. 
With a charge of 16 kilos, this gun throws an elongated shot, weighing on an average 100 kilos., 
as follows : — 

1000 metres, at an angle of 2° 

8600 '„ „ „ 10° 

7800 „ „ „ 35° 

With a charge of 20 kilos, this g^un projects a steel cylindrical ogival-headed shot weighing 
144 kilos. At an angle of 3° the range is 1120 metres with the ogival-headed and 1020 metres 
with the cylindrical shot. This gun bus the greatest effect within 1000 metres, at which distance 
a few shots fired from it would destroy the heaviest and strongest walls in existence. 

A cylindrical projectile, weighing 144 kUoe., fired against a shield constructed of 80 centi- 
metres of wood and armour-plate of 15 centimetres, not only perforated that shield, but also 
carried with it 140 to 150 kilos, of the iron plate and about a cubic metre of wood. 

Rified Qun of 0'21 m, Caiibre. 

This gun is of the same construction as the three last mentioned, — viz, a cast-iron breech- 
loading gun strengthened by steel hoops. Its dimensions are : — 

Total length 4*660 m. 

Diameter at the breech 1*183 m. 

Diameter of the bore 0*275 m. 

Weight of gun 22,000 kilos. 

With a charge of 24 kilos, it throws an elongated projectile weighing 144 kilos. ; with a charge 
of 30 kilos, it throws a solid steel cylindrical, or cylindrical ogival-headed shot weighing 216 kilos. 

Two cannons of 42 centimetres' calibre were lately cast at Ruelle. The material of which they 
were composed was cast iron strengthened by steel hoops. These guns weigh each 37,000 kilos. ; 
the diameter of the bore is 0*424 m. The extreme external diameter is 1 *360 m. ; diameter at the 
breech, 1 * 300 m. ; diameter at the end of the hooped part, 1 ' 050 m. This gun will throw : — 

1. A solid spherical shot 0*42 m. diameter, and weighing 300 kilos., with a powder-charge of 
50 kilos. 

2. A hollow spherical projectile, weighing 210 kilos., containing 9 kilos, of gunpowder, with a 
charge of 33 kilos. 

The Fraser gun is made according to Armstrong's system, with bar-iron wound round a solid 
mandril. This description of gun is made of three different calibres, — 9 in., 0*228 m.; 8 in., 
0*203 m.; 7 in., 0*177 m. The wrought bar-iron used is submitted to a strain of 21 to 23 tons 
the square inch ; if it does not stand this test, its strength is insufficient ; if it is stronger, it 
becomes too unmanageable. The bars are welded together, after testing, in lengths varying from 
50 to 200 ft. = 15 m. to 60 m. These long bars are then placed in a reverberatory furnace, 
through which they are dragged, as they be«>me sufficiently not, to be rolled on a mandril; they 
are then submitted to the blows of a Bteam-hammer. 
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Fig. 108 TepressnU the 21-oeDtImfetre gun on ita carriage. 

Fig. 409 the 21-iwntiinttre gon in comae of ooDBtruclion ftnd parti; hooped. 

Fig. 410, hoop with tnumions. 

Fig. Ill, bieeoh Borew and plug for gon of 24 oentimetres' calibre. 




Amtriam Ciat-irM Sunt. — Although the tTnited States' OoTemment has made little progrcu 
in the adaptation of vrought iron and steel to cannon-making, it has certain!; attained to a 
remarkable degree of perfection in the Sgnro, material, and fabrication of iia cast-iron guns. 
While coiutnictoiB in Europe have carefullv preserved tiie traditional shapes and omamentatiou 
of early times, shapes that once had a eignificance, but are nov only aourcea of weakness, the aim 
in America has been to ascertain the exact amount and localitf of strain, and to proportioD the 
parts with this reference, to the entire abandonment of whatever is merel; fancinil and tndi' 

The Donsequent saving of weight with a giveo strength at the point of maximum strain, is 
well illustrated bf placing a section of the British S-in. gun, 68-pounder, over that of the United 
States' army 8-in. columbiad, Fig. ,,_ 

412. 

Bodman's process of casting gnns 
hollow and cooling them from with- 
in, for the purpose of modifying the 
initial strains, when added to tho 
advantages of eood proportion and 
strong materiaX produces nearly or 
quite the best result attainable 
with simple cast iron. But the 
tension of tliis material at its 
elastic limit is so low, that it will 
not alone endure the pressure ne- 
cessary to give the highest velo- 
cities to the heavy projectiles 
demanded by iron-clad warfare. 

Considering, however, the failure 
of such a la»e proportion of the 
heavy wrought-iron guns, both I 
buUt-up and solid, and the pro- | 
sent scarcity and enormons cost of « 
steel massea of the proper quality, 
it is by no means certain that the 
caat-iron Ijarrel lined with steel, 
or, as 90 largely and successfully used 
not the best tomporaiy resort. 

Hollow casting the most obvious means of improvement, is not deemed important for heavy 
ordnance atone. The 4'2-in. rifled United States' siege-gun. Fig. 413, is cast hollow and ooolea 
from within. Indeed, the advantages of the process con be better realized in the 6 or 10 in. 
barrel cast for hooping, than in the 15-in. columbiad. 

All United States' army guns down to 4'2-in, bore are hollow-oast, llie 20-in., 15-ln., and 
13-in. navy gona have been cast hollow. Fig. 414 shows the 15-in., and Fig. 4IS the 13-in. 
gun. 




n America, France, and Spain, strengthened by hoops, i* 
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The following abatract of offlcUil reporte will eiploin the conduct aod reiulte of the hoUoir- 
CBBtiug proceBa. 

Od the 41b of Angngt, 1S19, two 8-in. colnmbiada were cast at the Fort Pitt Tforke, from the 
■ame iron. No.'l Was cost unlid, in the usual loaiiiier ; No. 2 was cast on a hollow core, through 
which a atreom of water passed while the metal was cooling. The iron for both castings w&« 
melted at the same time in two air-fumaces, each oontaining 14,000 Iba. After melting, the liquid 
iron remained in the furnaces, exposed to a high heat, for one hour ; it was then discharged into 
a common reservoir, whence it ieimed in a single stream, which, after proceeding a tew feet, sepa- 
rated into two branches, ona leading to each mould. 



The solid casting was cooled as usual, in an open pit. The bnllnw casting was cooled in the 
interior by passing a stream of water through the core for a period of -40 hours, when the core was 
withdrawn ; after which the water paused through thp interior cavity formed by the core, for 20 
hoara. The aTerage quantity ofwater passed through during Ihe whole period was 1 '66 cubic ft. 
a-minate, or IDO ft. an hour : making in all r>000 cubic ft., woi^-hing 187 tons. The temperature 
of the water was increased 20° during the Ist hour ; 13° during the '20<h hour ; 8° during the 40th 
boor; and 3° during the 60th and last hour. The weight of the water passed through was 30 
times the weight of the casting ; and the heat imparted bj Ihe casting to the wator, and carried 
off by the lattor, was equal to 10° on the whole quantity of water used. The mould for this casting 
was placed in a oovered pit, which had Won previounlv heated to about 400° ; and this heat was 
kept up as long as the Itream of water was supplied. Both columbiads were completed and 
inspected September Gtb, and were found to be accurate and uniform in their dimensions anil 

The charges used in testing the guns were as follows : — 

PnM/ t'Aan;rt.— lBtflre,121bH. powder, 1 ball, and I wad ; 2nd flrc, ISlbs. powder, 1 shell, and 

Service Chonjes.—'IO lbs. powder, 1 ball, and 1 sabot; mean weight of bolls used, 63J lbs.; 
mean weight of shells used, 49lbs.; mean proof range of powder used, 298 yds. 

The guns were fired alternately, up to the 8Mh round, at which colombind No. 1, cast solid, 
hurst. Then the proof proceeded with No. 2, which burst at the 25l8t round, having endured 
nearly three times as much service as the other. 

In 1851, two more 8-in. columbiads were cast at the same fonndry, and under similar circnm- 
itances ; tbe one was cast solid, and the other hollow. The iron for both remained in fusion 2} 
hours, exposed to a high heat. 

The core fbr the hoUow gon was formed npon a water-light cast-iron tube closed at the lower 
end. Tbe water descended to the bottom of this tube by a central tube open at the lower end, 
and ascended through the annular space between the tubes. The water passed through the 
core at the rate of 2i cubic ft. a-minute, or 150 ft. an hour. At 25 hours after easting, the core 
was withdrawn, and the wator thereafter circulated through the interior cavity formed by the 
core, at the same rato for 40 hours ; making Ii5 hours in all. The whole quantity of water passed 
through the casting was nearly 10,000 cubic ft., weighing about 300 tons, or about 50 times the 
weight of the casting. The heat imparted by the casting to the water, and carried off by the 
latter, was equal to (T on the whole quantity of water used. 

A fire was kindled in the bottom of the pit directly after casting, ai 
The pit was covered, and the iron case containing the gun-mould wi 
perature as it would safely bear, being nearly to a red heat, all the timi 

In the same year, two other lO-in. colombiada were cast, of the same iron, the one solid, and 
tbe other hollow. Both moulds were placed in the same pit, and all the space in the pit outside 
of the moulds was filled with moulding-aand, and rammed. This was done because the iron 
cases of the moulds were not large enough to admit the usual thickness of clay in the walls of 
the mould. It was apprehended that the heat of the great mass of iron within would penetrate 
through Ihe thin moidd, and heat the iron cases so much as to cause them to yield and let the iron 
run out of the mould. The eitomal cooling of the 10-in. hollow gun, by the contact of the flask 
with green sand, was therefore much more rapid than that of the 8-in. hollow gun. 

Wator was passed through the core at the rate of about 4 cub. ft, a-minute, or 240 ft. an hour, 
for 94 hours ; amounting in all to 22,560 ft., weighing about 700 lone, or 70 times the weight of tbe 
casting. The mean clevatioo of the tompctature of all the water passed through tbe core in 94 
hours, was about SJ". At the end of this period an attempt was made towitbdraw Ihe core from the 
casting, which proved unsucoessfnl. The contraction of the iron around it held it so firmly, that 
tbe upper part of it broke off, leaving the remainder imbedded in the casting. The stream of 
wator was then diminished to abont 2 ft. a-minute. which continued to circulate through the core 
for 46 hoars. The supply of wator allotted to and circulated through both the 6-in. and 10-in. 
guns was equal, in weight, to tbe weight of each casting, in about 1 hour and 20 minutes. 

When proving these guns, SO rounds a-day were easily made with 7 men in 5 hours, from the 
8-in. gun ; and with 9 men, 60 rounds were made in the same time from the 10-in. gun. IS ronnds 
were sometimes made fW>m the 8-in. gun in 30 minutes. The two guns making tbe pair to be 
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OMnpared were fired nltemately, one diMhiwge fhim each, in r^fnUr anocetBioQ, until one of tbem 
burst, whea the flring of the BorriTor was oontinued by itself. Ths powder of the cartridges of 
each pair vaa of the same proof range, and taken from the same cask. 

Proof Charge). — 8-iiL, 1b1 roniid, 12 lbs. powder, 1 ball and sabot, and 1 wad; S-in., 2lid round, 
15 lbs, powder, 1 shell with sabot : lO-in., lot round, 20 Ibe. powder, 1 ball and sabot, and 1 wad ; 
lO-in., 2nd round, 21 lbs. powder, 1 shell with sabot. 

Senict Cftorjw.— 8-in., 10 lbs. powder, 1 baU with Bobot; lO-ln., 181b*. powder, 1 ball with 
sabot. Weight of 8-in. balls, 63Hb8.; of shells, 18J lbs.: weight of ID-in. balls, 124 lbs.; of shells, 
91 lbs. 

The nmnbei of rounds Sied from each ^un. including proof charges, were as follows : — S-in. 
gnu, No. 3, cast solid, 73 rounds; 8-in. gun, "So. 4, cast hollow, 1500 rounds; lO-in. gnn. Mo. 5, 
east solid, 20 rounds ; 10-in. gun. No. 6, cast hollow, 249 rounds. 

Each of them, eicepting the 8-in. gun. No. 4, mut hollow, burst at the last ronnd ; and that 
remains nnbroken, and apparently capable of much further service. 

On comparing the Bnlargements of the bores, made by an equal Dumber of iDonds of the gum 
east solid with those cast hoUow, it will be seen that, in both pairs of gnus, the eulargemeut is 
least in those cast hollow. 

The less endujance of the 10-in. hollow gnn than that of the S-in. hollow one. is acconnted 
fbr by the fact that the 10-in. gun had no fire on the exterior of the flask while cooling, it harine 
been rammed up in the pit, where it was suppoaed, at the time of casting, the heat of the gun would 
have been retained by the saod until the interior should have been coaled by the circulation of 
water throngh the core-barrel. This supposition was found to be erroneous on digging out the 
sand, as its tempetature was found to be much lower than had been expected. 

One of the I5-in. American naval guns was fired 900 times at elevations from to 5°. The 
charge commenced at 3o lbs. It was then increased to 50 lbs. With 60 lbs., 220 rounds were 
fired. The gun at length burst with TO lbs. The shot in all oases was 440 lbs. After the first 
300 rounds, the chamber, Fig. 414, wem bored out to a nearly parabolio form, and the chase was 
turned down 3 in., so as to fit the port designed for the 13-in. gnn. 

(VumAtdds.-— The colnmbiads, Fig. 416, 417, are a species of sea-coas 
certain qualities of the gun, howitzer, and mortar ; in other words, they at 
capable of projecting solid 
shot andshells, with heavy 
charges of powder, at high 
angles of elevation, and nio 
therefore equally suited 
to the defence <n narrow 
channels and distant road 

The colombiad was in 
vented by Bumford, and 
used in the war of 1812 
for firing solid shot In 1844 the model was 
ehanged, by lengthening the bore and in 
creasing the weight of metal to enable it to 
endure the increased charge of powder or 
^th of the weight of the solid shot Six 
years after this, it was discovered that the 
pieces thus altered did not always possess 
the requisite strength. In 1858 they were degraded to the rank of ^ell guns, to be fired with 
diminished chorges of powder, and their places supplied with pieces of improved model. 

The changes made in forming the new model, consisted in giving greeter thickness of metal 
In the prolongation of the axis of the bore, which was done by diminishing the length of the bore 
itself; in substituting a hemispherical bottom to the bore and removing the cylindrical chamber ; 
in removing the swell of the muzzle and base ring ; and in rounding off the oomer of the bree(4i. 
The present model, as illusti»ted, was proposed by Kodman, in 1860. 

In addition to the heavy orduonce before mentioned, tlie Navy Department has Introduced a 
auperior gun of 10-in. colibre, called a 125-pouiider. The exterior dimensions are nearly the same as 
those of the 11-in. gun, except that the maximum diameter of the reinforce is continued farther 
forward, 3 calibres. The first of these guns was cast solid, and endured 47 lbs. i^ powder 
and I25-lb. balls for some hundred rounds. The new 10-in. gun is cast hollow ' cbarge, 40 lbs. ; 
■hot, 125 lbs. 

The chambers of the navy 13 and 15 in. guns, as shown in Figs. 414, 415, have recently been 
changed to a shape nearly paiabolic. 

The Navy Department has four 12-in. rifles, cast hollow, of alKint the exterior dimensions of the 
15-in. gun. It is believed that they will have satis&otory endurance with 50-lb. cWgo and 
600-Ib.l»lU. 

Twenty-inch guns for the army and navy have recently been cast at Pittsburg. The following 
ue the p^iculars of the metal and the fabrication of the first 20-in. army gun ; — 

The iron was high No, 2, warm blast, 200° hematite, from Blair county, Pennsylvania. The 
smelted pigs were remelted and cast into pigs, which wore again melted in three air-fumoces. The 
weight of iron was 172,000 Itis. ; the time of melting, 7^ houra ; the time of casting, 23 minutes. 
Water, run through the core at the rate of 30 gallons a-minnte, during the first hour was heated 
from 36° to 92° ; during the seoond hour, at the rate of 60' gallons a-minvile. water emerged at 61°. 
From the I5th to the ^th hour after casting, the water was heated 21 3°. After the 2Gth 
hour the oore-burel was removed, and air was forced into the bore at the rate of 2000 oubic feet 
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a-minute. The metal was considered too high to be cooled by the direct contact of water. At the 
50th hour after casting, the air emerging from the gun was 130 seconds in rising 60° to 212°. The 
gun was cast on the 11th of Feb- 
ruary, 1864. On the 17th, the dif- r-^ *^*- 
ference in the temperature of the 
entering and emerging air was 100° ; 
on the 20th it was 3^. Air circu- 
lated through the bore till the 24th. 
The mould, 5 to 6 in. in thick- 
ness, was made in a two-part iron 
flask, 1} in. thick. On the 23rd the 
upper part of the mould was removed ; on the 24th the lower part was removed ; on the 25th the 
gun was removed from the pit. 

The density of the metal taken from the casting was 7-3028. The tenacity was 28,737 lbs. per 
square in. 

Fig. 418 shows a section of the 11-in. Dahlgren gun used in the United States' navy. 

Pabtioulabs Airo Ghaboes op U. 8. Hollow-Cast Ibon Abhy Obdnakce. 

77ie Heavy Guns have no Preponderance, 




Nttiie of Gon. 



Lei^h. 



Length 
of bore. 



Max. 

dlam. 



Weight 



Smooth-bores. 
20-in. oolumbiad 

15-in. „ 

13-in. 



10-in. 
S-in. 



»t 



» 



rt 



of 1860 



n 



Sifies, 

4|-in. siege-g^n of 
1860 

3-in. field-gun of 
1861 



) 



in. 
243-5 

190 

177-6 

136-66 
123-5 

133 
72-65: 



I 



in. 


in. 


210 


64 


165 


48 


155-94 


41-6 


105-5 


32- 


110 


25-6 


120 


16 


65 


9-7 



lbs. 
;115,200 

49,100 

32.731 

15,059 
8,465 

3,450 
830 



Service charge. 



Shell. 



of Shot 



Weight 

of 
Shell. 



Remarks. 



Ibo. 

100 

50 

'6 grain 

30 No. 5 



r 50 \ 

\ -6 grain / 



/15forshell\ 
\18 for shot; 
10 



3i 



lbs. 

• • 

17 
7 
3 



lbs. 

1000 

/440\ 
1425/ 
/300\ 
\ 280 / 

127J 

68 



30 



10 



lbs. 

• • 

330 
224 

100 

48 

30 
10 



rWeight of sheU not 
\ determined. 

Cored shot. 



( Twist unifonn. Itum 
in 15 ft. Prepon- 
derance 300 lbs. 
! Twist uniform. Itum 
in 10 ft. Prepon- 
derance 40 lbs. 



Pabticulabe 


AND Chaboes of U. S. Cast-Ibon Navy Obdnancb in Sebvicb. 


KameofOnn. 


I^ength 
of bore. 


Max. 

diaro. 


Weight. 


Serrioe 
charge. 


Max. 

charge. 


Weight of 
Shot 


Weight of 
8belL 


RemarkB. 




in. 


in. 


Iba. 


IbA. lbs. 


Ibc 


Iba. 




SmootKJiores, 








/ I'rohably \ 
1 100 I " 






[Shell not determined. 


20-in. gun 


163 


64 


100,000 


1000 


• • 


I Cored shot, and gun 










\ ^"^ / 








1 cast hollow. 


15-in. „ 


130 


48 


42,000 


35 


60 


400 


330 


rCast hollow. Cored 
\ shot. 


13-in. ^ 


130 


44-7 


36,000 


40 


• • 


280 


224 


Cast hollow. 


11-in. „ 


132 


32 


16,000 


15 


20 


170 


130 


Lately cast hollow. 


10-in. „ 


1191 


291 


12,000 


12* 


16 


125 


100 


Cast solid. 


9-in. „ 


107 


72-2 


9,200 


10 


13 


93 


70 


Cast solid. 


125-pdr. (10-in.) 


117J 


33-25 


16,500 


40 


• • 


125 


100 


Cast hollow. 


Rifies. 


- 
















Pairott 10-in. .. 


144 


40 


26,500 


25 


• • 


230 to 250 


250 


jThe Parrott guns are 


„ 8-in. . . 


136 


32 


16,300 


16 


• • 


132 to 175 


152 to 175 


1 hooped with wrought 


„ 100-pdr. \ 
(6-4-in.) ../ 


130 


25-9 


9,700 


10 


• • 


70 to 100 


100 


1 iron, and are lately 
( cast hollow. 



Bronze Guns. — ^An alloy of about 90 parts of copper and 10 parts of tin, commonly known as 
*< gun-metal'* in Europe, is popularly called '* brass" in America, when used for cannon, and 
niuned ^ bronze'* by recent American writers. A strong cast iron is also known in America as 
"gun-metal." 

The *' work done** in stretching to the elastic limit and to the point of fracture, is less for ordi- 
nary bronze than for wrought iron of maximum ductility, and for low steel. This defect, added 
to the costliness of bronze, to the various embarrassments experienced in the casting of large 
masses, to its softness, and consequently rapid wear and compression, and to its injury by heat, has 
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not warraiited its employment for large calibres and high charges. The increase of cost, with 
increase of weight, would, probably be greater for bronze than for cast Iron, and much greater than 
for steel or wrought iron, because bronze must be cast under great pressure, to be sound and tena- 
cious. So that, were it the proper metal in other particulars, an unnecessarily large and actually 
immense non-paying capital would be tied up in a national bronze armament. The high yalue of 
the old material would not offset this cost to the extent that it does in railway matters, for obyioua 
reasons. 

The mean ultimate cohesion of gun-metal, according to European authorities and the experi- 
ments of the United States' Goyemment, is about 33,000 lbs. p«r sq. in. Mallet states it from 
32,334 lbs. to 43,536 lbs. Major Wade states it from 17,698 lbs. to 56,786 lbs. 

Benton says, that ^* the density and tenacity of bronze, when cast into the form of cannon, are 
found to depend upon the pressure and mode of cooling. This is exhibited by the means of 
obseryations made on flye guns cast at the Chicopee Foundry, namely : — 



Breech aqoare. 



8-765 



DxKfirrr. 



Gim-head. 



8-444 



Finished gnn. 



8-740 



Tekacitt rxR Squabb Ikch. 



Breech square. 



46.509 



Gnn-head. 



27,415 



The guns were cast in a yertical position, with the breech square at the bottom. In conse- 
quence of the difference in the fusibility of tin and copper, the perfection of the alloy depends 
much on the nature of the furnace and the treatment of the melted metal. By these means 
alone, the tenacity of bronze has been carried, at the Washington Nayy Yard Foundry, as high 
as 60,000 lbs. 

The fabrication of bronze ordnance appears to be far better understood in Spain, and more 
especially in Turkey, than in America or England. Some bronze guns of 20 tons' weight haye 
been cast in Spain, but they cannot be rapidly fired. 

According to American and British authorities, the want of uniformity, eyen in diffierent parts 
of the same gun, is a striking defect. For instance, for light pieces, especially for field-cannon, 
bronze is much used, but there are many objections eyen to this alloy. As the tin is much more 
fusible than the copper, and must be introduced when the latter is in fusion, it is difficult to seize 
the precise moment when the alloy can be properly formed ; part of the tin is frequently burned 
and conyerted into scoria. 

Major Wade, after calculating the results of experiments on a lot of bronze guns, cast at 
Chicopee, says, ** The most remarkable feature of the aboye table is the irregular and heteroge- 
neous character of the results which it exhibits in samples taken from different parts of the same 
guns. By an examination of the results obtained from the heads of all the guns cast, it will 
appear that the density yaries from 8-308 to 8*756, a difference equal to 28 lbs. in the cubic foot ; 
and that the tenacity yaries from 23,529 to 35,484, a difference in the ratio of 2 to 3. These 
differences occur in samples taken from the same part of different castings, the g^n-head ; the 
part which, in iron cannon, giyes a correct measure of the quality of the metal in all parts of the 
gun. The materials used in all these castings were of the same quality ; they were melted, cast, 
and cooled in the same manner, and were designed to be similarly treated in all respects. The 
causes why such irregular and unequal results were produced, when the materials used and the 
treatment of them were apparently equal, are yet to be ascertained." 

The authorities generally agree that the tin in bronze guns is gradually melted by the heat of 
successiye explosions. If this is the case with field-guns, the heavy charges and projectiles, and 
the quick firing demanded in iron-clad warfare, would soon destroy this material. Colonel 
Wilford stated, at a meeting of the United Service Institution, that iron mortars were intro- 
duced because holes were burned in the chambers of bronze mortars by the immense heat of 
the powder-gas. Heat also causes the drooping of the parts of a bronze gun that overhang the 
trunnions. 

As to decomposition. Captain Benton says, " Bronze is but slightly corroded by the action of 
the gases evolved from gunpowder, or by atmospheric causes ; " but Captain Simpson remarks, 
that the gases produced by the combustion of gunpowder also produce an injurious effect upon 
this kind of piece, by acting chemically on the bronze. 

All these defects of bronze for the bore of a gun, irrespective of strength, namely, the melting 
of the tin, the change of figure, the conversion, abrasion, and compression, obviously aggravate 
each other ; and, when taken in connection with rifling and excessive pressures, are conclusive 
evidence as to the unfitness of the material to meet the conditions of greatest effect under consi- 
deration. 

The average ultimate tenacity of bronze is so low — in fact, little above that of the best average 
cast gun-iron — that the loss of strength, due to want of regulated initial tension and compres- 
sion, becomes a very serious defect when calibres are large and pressure high. To remea^ it 
by hooping bronze with steel or iron, would not avoid the defective surface of the bore just 
considered. 

The Dutch, however, have lined cast-iron guns with bronze, and Blakely has constructed some 
experimental guns in the same way for another reason : bronze can safely elongate more than cast 
iron, without permanent change of figure ; and when it is put in a position where it must be more 
elongated by internal pressure, the strength of the whole structure is thus brought into service^ 
the principle of varying elasticity, already considered, is approximately realized. 
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Bronze hoops upon steel or iron barrels would avoid the defect of a soft bore, but they would 
increase the defect just considered, due to the unequal stretching of the layers of a tube by 
.internal pressure*. A principal advantage of bronze hoops is, that with the little heat they would 
get from the powder, they would expand to the same extent, approximately, as the more highly- 
heated iron barrel, thus leducing the danger of bursting by rapid firing. 

Other Alhys, — ^Phosphorus is known to improve the strength of copper, and to make it cast 
soundly. Abel, chemist to the British War Department, stated before the Institution of Civil 
Engineers, that he had made some experiments upon the combinations of phosphorus with copper, 
and *^ had found that by the introduction of a small proportion, say from 2 to 4 per cent., of phos- 
phorus into copper, a metal was produced remarkable for its density and tenacity, and superior in 
every respect to ordinary gun-metal. He believed the average strain borne by gun-metal might 
be represented by 31,000 lbs. upon the square inch; whilst the material obtained by addmg 
phosphorus to copper bore a strain of from 48,000 to 50,000 lbs. But the increased tenacity was 
not the only beneficial result obtained by this treatment of copper. The material was more 
uniform throughout, which was scarcely ever the case with gun-metal. The experiments idluded 
to were merely preliminary, and had been, to a certain extent, checked by the improvements since 
introduced in the construction of field-guns, which had led to a discontinuance of the employment 
of gun-metal." 

Aluminium has been found to add great strength to copper. The compound formed of these 
two metals is called Aluminium Bronze. John Anderson, superintendent of the Royal Gun- 
factory, Woolwich, found the tensile strength of an alloy of 90 per cent, of copper and 10 per cent, 
of aluminium was 73,181 lbs. the square in., or twice that of gun-metal, and its resistance to 
crushing 132,146 lbs., that of gun-metal being 120,000 lbs. The aluminium bronze did not 
begin to change its form until the pressure exceeded 20,384 lbs. In transverse strength or 
rigidity it was also found superior to gun-metal, in the ratio of 44 to 1. Its tenacity and elasticity 
depend on a particular number of meltings : at the first melting aluminium bronze is very brittle, 
a state to which it again returns after fusion. 

The first melting appears to produce an internal mechanical mixture, rather than a chemical 
combination of the metals ; as, in the proportion of 10 of aluminium and 90 of copper, an alloy of a 
very brittle character is produced by the first melting ; but by repeated meltings a more uniform 
combination seems to take place, and a metal is produced free from brittleness, and having 
about the same hardness as iron. The alloy, containing rather less than 10 per cent, of 
aluminium, is said to possess the most uniform composition and the best degree of hardness; 
but it is not always an easy thing to produce this desirable uniformity of texture, as patehes 
of extreme hardness sometimes occur, which resist the tools, and are altogether intioctable to 
the action of the rollers. 

Aluminium bronze, composed of 9 parts by weight of copper and 1 of aluminium, was found 
by J. Anderson to have a tensile strength of about 43 tons, 96,320 lbs. ; but two other specimens, 
which were not quite sound, had only a mean tensile strength of 22j^ tons, 50,400 lbs. So that 
the metal is liable to great variations in strength. 
' The cost of this alloy would of course prevent its extensive introduction as a cannon-metal. 

Sterro-metalj a recent invention of Baron de Rosthom, of Vienna, is described by a correspondent 
of the * Times.' ' The mechanical properties of the alloy were carefully examined at the Polytechnic 
Institution, Vienna, with the following results : — 

Tensile Stbenoth of Stebro-Metal. 



Sterro-Metal, 

After simple fusion . . 
„ forging red-hot 
„ drawn cold 

Gun-Metal — Bronze, 
After simple fusion . . 



Tensile Strength 
in Tons. 



27 
34 
38 



18 



Bedooed to Fttmidfl^ 



60,480 
76.160 
85,120 



40,320 



The same copper, from Boston, U.S., was used in making both the sterro-metal and the gun- 
metal, and for the latter the best English tin was employed. Both alloys were east under precisely 
similar conditions, and run into the same mould. Similar teste were niade at the Arsenal, Vienna, 
and the resulte are as follows : — 

Tensilb Stbenoth of Stebbo-Metal. 



aterro-Metai, 

After simple fusion 

„ forging red-hot 

Drawn cold and reduced from 100 \ 

to 77 of transverse sectional area / 



Tensile Strength 
in Tons. 



28 
82 

37 



Reduced to Founds. 



62,720 
71.680 

82,880 



N 
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The specimens of metal operated on in the preceding experiments were analyzed at the Austrian 
mint. The results are as under : — 





Copper 

Spelter 

Iron 

Tin 

X 


FbljtedintflMetaL 


AnenalMeUL 






55-04 

42*36 

1-77 

0-83 


67-63 

40-22 

1-86 

015 






100-00 


99-86 





Experience has shown that the proportion of spelter may vary fi-om 38 to 42 per oent^ without 
materially affecting the quality of tne alloy. The specific gravity of the forged metal is 8*37, and 
that of the same metal, drawn cold into wire, 8-40. But sterro-metal possesses another quality, 
which, in reference to its application for guns, is regarded as more important than its high 
tenacity, namely, great elasticity. It is not permanently elongated until stretched heyond ^^ of 
its length. Sterro-metal, it should be stated, is from 30 to 40 per cent, cheaper than gun-metaL 
Field-guns, from 4 to 12 pounders, have been made of single pieces of metal, worked by the action 
of a hydraulic press, whereby expense in forging is avoided; but reliable experiments have demon- 
strated that the metal thus treated has precisely the same properties and the same tensile strength 
as bars of it drawn out under the steam-hammer. 

The following is the official report of experiments made by John Anderson, upon this metal, 
variously compounded and treated : — 

Composition of this alloy, as made in the Arsenal at Vienna, is, — copper, 60 ; zinc, 41 *88 ; iron, 
1*94 ; tin -156. And, as made at the Polytechnic, Vienna, its composition is, — copper, 60; zino, 
46*18; iron, 1*93; tin, * 905. 

Alloys of similar composition to that of the Austrian metal have been prepared in the Ro^al 
Gun-factories, from which a better result has been obtained than from mixturos of the Austrian 
metals, also prepared in the Boyal Gun-factories. The subjoined Table shows the results of the 
experiments witn these different specimens. 

This alloy is said to be the invention of Baron de Boethom, of Vienna. It derives its name 
from a Greek word signifying ^* firm." It consists of copper and spelter, with small portions of 
iron and tin ; and to these latter its peculiar properties are attributed. 

If has a. brass-yellow colour, is dose in grain, is free from porosity, and has considerable 
hardness, whereby it is well adapted to bearing-metal, or other purposes, where resistance to fric- 
tion is needed. 

The inventor proposes that, in heavy ordnance, the interior should consist of a tube of sterro- 
metal, and, over this, wrought or cast iron should be shrunk, from the breech to beyond the 
trunnions. 



COMFOfllTIOK AND StBEKOTH OF StERRO-MeTAL, WoOLWICH. 






TrealBM&l 


Strain at FaiD»- 
sent EloQgattoD 
of 'COS tbe inch. 


BreiJdng 
Weight 


UltfmAte 

Elonatlan 

theinch. 


Austrian mixture 

B. G. factories* mixture of copper, 60 ;\ 

zinc, 39; iron, 3; tin, 1-5 / 

B. G. factories' mixture of copper, 60 ;\ 

zinc, 44 ; iron, 4 ; tin, 2 / 

n n If .... 
w n n '• •' 

n M w .... 


As received 
Cast Insand 

„ . • 

Castiniron 
Cast in iron andl 
annealed.. ../ 
Fozged red-hot .. 


tODS. 

6-75 
11- 

13-75 
17-25 
15-25 
17- 


toot. 
26-75 

21-5 

19*25 
24-25 
23*25 
28- 


inchM. 
•1 

•05 

•015 
•016 
-02 
-045 



In a discussion before the Institution of Civil Engineers, Charles Fox said that " he believed 
it would eventually be found that the best gun could be constructed with some extremely dense 
and homogeneous alloy, cast and used wiuout being drawn under the hammer. If a gun 
was made of an alloy possessing very great density, the detonating force of the powder would be 
resisted by a greater quantity of the metal employed than it could be by making use of one with 
greater elasticity. He thought, therefore, the best guns would be made of iron, mixed with some 
other metals, such as wolfram and titanium, so as to insuro the greatest strength and density. 
Mushet had obtained great density, by mixing with iron a small percentage of wolfram, and great 
strongth by the use of titanium. Therefore, he was inclined to believe, that guns cast of the 
densest alloys would have greater effect, in proportion to their thidmess, than could be obtained 
by any complicated and expensive mode of construction." 

It is obviously impossible, in the absence of further experiments, to predict either great success 
or failuro for the alloys considered, as compared with steel. The field for discovery and improve- 
ment is certainly broad and promising ; but no more so than in the case of steel. Although the 
alloying of copper, especially for cannon, has been practised for more than five handled yean, and 
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shonldf theTefore, be in advanoe of ateel-making, whioh, for the purposes of artillery, is the work of 
the last decade, both metals — ^in fact, all metals — are undeveloped, because their chemical rela- 
tiona, and especially their elongation, within and beyond the elaistio limit, and tiie corresponding 
pressures, have not been properly investigated. 

While certain alloys, of Doth iron and copper, have one important feature in common — ^homo- 
geneity, due to fusibility, at practicable temperatures — ^the alloys of iron have this grand advan- 
tage ; iron is everywhero cheap and abundant ; and the other necessary ingredients and fluxes — 
carbon, manganese, zinc, and silicium — are equally abundant, and, in some localities, already 
mixed, which would appear to be, on the whole, advantageous, although the mixtures are not 
found in proper proportions. 

The fitness of metals for cannon depends chiefly on the amount of their elongation within the 
elastic limit, and the amount of pressure required to produce this elongation ; that is to say, upon 
their elasticity. 

It also depends, if the least possible weight is to be combined with the greatest possible pre- 
ventive against explosive bursting, upon the amount of elongation and the corresponding pressure, 
beyond the elastic limit ; that is to say, upon the ductility of the metal. 

Hardness, to resist compression and wear, is the other most important q^uality. 

Cast iron has the least ultimate tenacity, elasticity, and ductility ; but it is harder than bronze 
and' wrought iron, and more uniform and trustworthy than wrought iron, because it is homo- 
geneous. 

The unequal cooling of solid castings leaves them under initial rupturing strains ; but hollow 
casting, and cooling from within, remedies this defect, and other minor defects. 

Wrought iron has the advantage of a considerable amount of elasticity, a high degree of 
ductility, and a greater ultimate tenacity, than cast iron ; but, as large masses must be welded up 
from sxnall pieces, this tenacity cannot l>e depended upon : this defect, however, is more in the pro- 
oess of fabrication than in the material, and may be modified by improved processes. Another 
serious defect of wrought iron is its softness, and consequent yielding, under pressure and friction. 

Low cast steel has the greatest ultimate tenacity and hardness ; and, what is more important, 
with an equal degree of ductility, it has the highest elasticity. 

It has the great advantage over wrought iron, of homogeneity, in masses of any size. 

It is, unlike the other metals, capable of great variation in density, by the simple processes of 
hardening and annealing, and, therefore, of TOing adapted to the diflerent degrees of elongation 
that it is subjected to, in either solid or built-up guns. 

Bronze has greater ultimate tenacitv than cast iron, but it has little more elasticity, and less 
homogeneity ; it has a high degree of ductility, but it is the softest of cannon-metals, and is inju- 
riously afieciked by the heat of high charges. 

The other alloys of copper are very costly, and their endurance, under high charges, is not 
determined. 

In view of the duty demanded of modem guns, simple cast iron is too weak, although it can be 
used to advantage for jackets over steel tubes--a position where mass, small extensibility, and the 
cheap application of the trunnions and other projections, are the chief requirements. And, 
although cast-iron barrels, hooped with the best high wrought iron, and with low steel, cannot 
fulfil all the theoretical conditions of strength, and do not endure the highest charges, they have 
thus far proved trustworthy and efficient. 

Wrought iron, in large masses, cannot be trusted, and is, in all cases, too soft. 

Bronze is soft, and destructible by heat. 

Low steel is, therefore, possibly in connection with cast iron, as stated above, by reason of the 
associated qualities which may be called strength and toughness, the only material from which we 
can hope to maintain resistance to the high pressures demanded in modem warfare. 

See Abmoub. Gunfowdkb. Matebials of Gonstbuction, strength of, Obdnanoe. 

Works relating to this subject : —Stmenaee, * Aufangsgriinde v. Artillerie,' 1788. Meineke, 
' Anleitung znm Guss des Bronzirten Geschutzes,* 1817. * Report of Experiments on the Strength 
and other Properties of Metals for Gannon,* 4to, Philadelphia, 1856. B. Mallet, *0n the Gon- 
stmction of Artillery,* 4to, 1856. 'Beport of Experiments upon British and Foreign Ores for 
the Purposes of Ge^t-Iron Ordnance,' fol., 1859. J. A. Longridge, ^On the GonMmction of 
Artillery,' Transactions Inst. 0. E., 1860. Gaptain Bodman's ^ Reports of Experiments on the 
Properties of Metals for Gannon,' 4to, Boston, 1861. * Beports from the Select Gommittee on 
Ordnance,' 1862-63. D. Treadwell, *0n the Gonstraction of Hooped Gannon,' royal 8vo, New 
York, 1864. Holley's 'Treatise on Ordnance and Armour,' 8vo, New York, 1865. Aloncle, 
* Etudes BUT I'Artillerie,' 8vo, Paris, 1866. * Beports of the Whitworth and Armstrong Gommittee,' 
2 vols., fol., 1866. H. L. Abbott, * Siege Artillery in the Gampaigns against Bichmond,' 8vo, 
New York, 1868. 

See also:— 'Journal of the United Service Institution.' 'Aide-M^oire to the Military 
Sciences.' ^^ 

ASHLEBING. Fb., Maeonnerie de mo&hn ; Gkb., Sohaltcerk, Bruchstein Mooter' ^^"• 
toerk ; Ital., RitH ; Spak., Oora de siileria y silktrejo, 

Aahlering, in carpentry, are the short, upright pieces of timber or quartering, 
as A in sketcn, fixed in garrets to the fioor and rafters to cut off the acute angle ^ 
formed by ttie rafters and fioor. They are usually 2} in. thick by 4 in. wide, and 
from 2} to 3 ft. long, spaced about 12 in. apart. They are lathed over and 
plastered as In ordinary partitions, 

Aahiar or Ashler Work, — In masonry, where each stone is squared and dressed 
to given dimensions. It is usually applied to the squared stone-facing of walls in which the beds 
are dressed horizontal and the joints vertical and disposed at uniform distances, so as to break joint 
with the stone in the course abave and below. The face may be worked in any way. It may be 
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left rough from the quarry, when it ia called " rock-aahlar ;" or it may be dreeeed in a Tariety of 
waya, in which case it is called ^* dressed ashlar.** 

In the neighbourhood of London, the lerm ashlar is applied to a thin facing of aquared stones 
laid in courses, with cloee-fltting joints, and set in fine mortar or putty. See SILsgnbt. 

ASH-PAN. Fb., Cendrier ; Geb., Aachkasten ; Ital., CeneraccMo ; Span., Cmieero, 

See BoiLEBS. 

ASH-PIT. Fb., JFhsM a oendre ; Geb., Aschhch ; Ital., Cenerario ; Span., Cenioero. 

See BoiLEBS. 

ASPHALTE. Fb., Asphalte ; Geb., Afphalt ; Ital., Asfalto ; Span., Aafalto. 

Asphelte is a bituminous limestone found in the Jura Moimtains and other localities, which is 
used in the formation of pavements and in the manufacture of bituminous cement. 

Bitumen is found in nature in various conditions, and is met with in many parts of the 
world. It -is supposed to be the substance mentioned in Genesis, chap, xi., ver. S, as haying been 
used, instead of mortar, in building the Tower of Babel ; and there are numerous proofs of its having 
been used in ancient buildings in Egypt and Assvria. It is found, more or less pure, in large quan- 
tities washed on the shores from the surface of the Dead Sea or Lake Asphaltites, and is supposed 
to be derived from bituminous springs in the neighbourhood of that lake. Immense quantities of 
bitumen exist in the island of Trinidad, at a place called the Tar Lake, where the ground, for an 
unknown depth, contains so large a proportion of bitumen, that in hot weather it becomes too soft 
to walk upon. In some localities there are beds of shale so highly impregnated, that upon wella 
or pits being dug they become filled with bitumen. In other localities there are bituminous sands. 
In Auvergne, in France, are many beds of this description ; and near Clermont bitumen exudes 
from the ground into a kind of wells, which have received the name of Fountain of Pitch. 

It is, however, from beds of bituminous sandstone that, next to the bituminous limestone, the 
best description of bitumen is obtained. It is from these beds, which have been technically termed 
molasses, that most of the bitumen, or mineral tar, is obtained for mixing with the bituminous 
limestone in the manufacture of asphaltic mastic. 

Bitumen is composed of carbon, hydrogen, and oxygen, in the proportion of about 85 carbon, 
12 hydrogen, and 3 oxygen. The colour is a deep black, with a very sli^t tinge of redness. It has 
a peculiar aromatic odour, somewhat resembling, but still very difierent from that of tar and pitch. 
The odour is very strong when at a boiling temperature, but at ordinarv temperatures it is scarcely 
perceptible. At a temperature under 50° Fahrenheit it is solid and brittle ; from 50° to about 
70° it is soft and plastic; from 70° to 90° it has a pasty consistence; from 90° to 110° or 120° it is 
glutinous ; and above 120° it is liquid. The specific gravity is about 1 *03. 

The geological origin of bitumen is somewhat uncertain. The most probable hypothesis appears 
to be that it was produced from beds of coal while subject to heat and pressure at great depths below 
the surface of the earth, and that it was afterwards forced upwards through the superincumbent 
strata during some convulsions of nature. In its progress to, or on its arrival at fiie surface, it 
impregnated the limestone and sandstone rocks, and became mixed with the other strata in which 
it is now found. Here it may be necessary to observe, that the vague conjectures upon which 
geology is founded, and such matter as rest rather upon a speculative than a substantial, philo- 
sophical basis, are neither examined nor discussed in this work, and they receive but little of our 
attention. 

For the purpose of obtaining bitimien, or mineral tar, the sandstone is broken into pieces 
about the size of the stones used for macadamizing roads, and placed in caldrons and boUed in 
water. In about an hour the bitumen becomes liquid and rises to the surface, and the stone falls 
to the bottom in grains of sand. The bitumen is then skimmed off. If, however, the sand be in 
very fine grains, a considerable quantity of it becomes mixed in the boiling with the bitumen, and 
rises with it to the surface of the water. A second operation, therefore, becomes necessary in order 
to render the bitumen sufficiently free from sand. For iMs purpose it is placed in another caldron, 
and heated to such a degree as to render it quite liquid. The water remaining in the skimmings 
soon evaporates, and the sand falling to the bottom, the pure bitumen is drawn off. In this 
second operation a considerable quantity of bitumen is lost in consequence of the impracticability 
of separating it from the sand at the Imttom of the caldron. Of late years bitumen is sometimes 
extracted by chemical solution, and the liquid in which it has been dissolved drawn off bv 
evaporation. A small admixture of pure sand is of very little detriment for most purposes to which 
bitumen ia applied ; but it Ib essential that it should be free from earthv or vegetable matter. In 
extracting bitumen from such soils as that in which it is found in the island of Trinidad, it is 
necessary to resort to complex chemical processes, and even then the result ib inferior to the 
products of the bituminous sandstones. 

Bitumen has been used from remote antiquity, and probably asphalte also may have been 
known to the ancients ; but it does not app^ to have oeen applied to its present uses until 
the beginning of the eighteenth century. The first mine of aspnalte was that of the Yal-de- 
Travers, near Neuchfttel, in Switzerland. It was discovered by Dr. d'Eyrinis, who published in 
the year 1721 a small volume, in which the nature and uses of asphalte are very fully explained, 
and its adoption for various purposes enthusiastically advocated. It was not, however, until 18S8 
that the first pavements of asphalte were laid in the streets of Paris. 

The valuable properties of asphalte now became fully appreciated ; and not only so, but they 
were greatly exaggerated, and tne material applied to purposes for which it was not adapted. 
About this time asphalte produced an industrial fever not unlike the celebrated South-Sea Bubble 
or the more recent railway mania. Societies were formed in Paris, whose shares inc r ea s ed In price 
within a few months to ten times their original cost ; and then in a very short time a reaction 
occurred, and one-tenth of the original cost ocmld not be obtained for the same shares. The evils of 
excessive speculation disappeared in course of time, and at present the production and ^pli- 
cation of asphalte is an extensive and v«U-rogulated branch of industry. It is mu<^ more used on 
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the oontinent of Europe than in England. It Ib the material generally adopted for the paTements 
of Paris, and indeed for very many of the carriage-roada. During the period of excitement several 
oompaniee were formed in England for the supply and application of asphalte, and amongst others, 
one promoted by Glarid^, and one known as the Metropolitan Mineral Rock and Aspluilte Com- 
pany, which still maintam the highest character for excellence of materials and workmanship. 

The best description of asphalte consists of a limestone composed of nearly pure carbonate of 
lime, impregnated with from six to ten parts by weight of bitumen. The principal source of supply 
at the present time is from the Jura Mountains, in the neighbourhood of Seyssel, on the west bimk 
of the river Rhone. 

The colour is a dark chocolate, approaching to black. In cold weather the stone is hard, and 
easO^ broken ; but in wann weather it softens under the blow of the hammer. The speoifio 
gravity is about 2 * 25. 

The bituminous limestone, after beinff quarried, is broken to a size that would pass through a 
rin^ about 2^ inches in diameter. It is then reduced to powder, either by grinding, or bv crushing, 
or by exposure to heated steam. The first method is generally preferred ; but when the stone is 
hard and deficient in bitumen, it is more convenient to crush it between revolving cylinders ; on 
the other hand, with stone which is soft and contains an excess of bitumen, the hot vapour process 
may be more advantageous, especiallv in warm weather. The powder requires to be sifted, and 
all the large particles again pamed through the mill, or otherwise reduced to the requisite degree 
of fineness. The next process is to place the powder in a caldron, in which a small quantity of 
pure bitumen has been previously melted, and to bring it into a state of fusion and stir it by 
machinery until the whole is thoroughly mixed, when it is drawn off and run into moulds to form 
blocks of about 1 cwt. These blocks, when cold, are ready for exportation as asphaltic mastic. 
The finest mastic contains 87 per cent, of the carbonate of lime ana 13 per cent, of bitumen, but 
several qualities of mastic are prepared by adding to the other ingredients various proportions of 
very coarse-grained sand, teimra ** grit." The mastic requires to oe remelted on the spot, where 
it is to be used in the laying of pavements or other works ; and for this purpose portable caldrons 
are provided, and a smaU quantitv of the mineral tar is added, as a flux, with every melting. 

Mastic of pure asphalte is seldom used without some admixture of grit, a certain proportion of 
which adds to its power of enduring wear and tear, and of resisting the tendency to soften at high 
temperatures. Asphalte containing about 15 per cent, of fine grit is best adapted for covering 
roofs, and that containing about 25 per cent, of coarse grit for the laying of footpaths. Asphalte 
pavements should not become appreciably soft when subjected to a temperaturo of 160° Fahrenheit. 

The principal uses of asphalte are for covering roofs; for protecting underground vaults, 
magazines, railway-arches, &c., from the percolation of water ; for pavements ; and for damp-courses, 
to prevent moisture from rising in Walk by capillary attraction. A layer of asphalte {-inch in 
thickness may be considered impervious to moisture, and, therefore, an effectual damp-course. As a 
oovering to roofs, it is exposed to variations of temperature, which are destructive to cement and most 
other compositions, and frequently cause cracks even in lead ; but good asphalte, f-inch in thickness, 
firmlv supported on a thick bed of concrete, will form a substantial water-tight covering through 
all alternations of climate. As a pavement it has the advantage of being free from joints, of 
presenting a very smooth surface, and of being capable of enduring a great amount of wear. A 
good paving of asphalte, f-inch thick, will last longer under heavy traffic than Yorkshire flagging 
3 in. thick. As a covering for underground arehes it may not be considered very much superior to 
Portland cement, but it has the advantage of possessing a certain degree of elasticity, which renders 
it less liable to crack upon slight settlements occurring in the brickwork or masonry underneath 
it. One great recommendation for asphalte is, that it is easily repaired ; and that the materials 
from old work may be melted and, with a small addition of mineral tar, re-used in new work. 

The dark colour of asphalte pavements is somewhat to its disadvantage ; and the closeness of its 
texture, and its property of readily condensing on its surface the moisture of a damp atmosphere, 
renders it unsuitable- for the floors of inhabiteid apartments. Its property of becoming soft at a 
high temperature renders it unfit for fioors of furnace-rooms, forges, &c., or for any close proximity 
to fires. On the other hand, it is to be observed that, though liable to melt, it never takes ^1% 
and that it is, therefore, well adapted for fire-proof construction. 

Asphalte has been used as a cement in the brickwork of tanks, &c. ; but for such purposes it 
appears to possess very little, if any, advantage over Portland cement, which is a much cheaper 
material. It has very little adhesion for brick or stone ; and, consequently, however superior the 
arohalte itself may be in regard to strength and impermeability, it does not, in combination, form a 
solid homogeneous mass of masonry. The absence of adhesion also prevents it from being appli- 
cable as a covering or lining to vertical surfaces. 

Good asphalte is not much affected by the ordinary variations of temperature ; but still it 
becomes somewhat soft under a summer sun, and is liable to slide down if laid upon a steep 
incline. Asphalte roofs and pavements should, therefore, be laid nearly horizontal, and when 
steep inclines are unavoidable, they should not be more than about two or three feet in width. 
Vertical surfaces above 6 inches in height should be avoided when practicable ; but, with care, 
greater heights may be executed with siSety, especially in short lengths. 

The preparation of asphaltic mastic and mineral tar, as above described, is evidentlv somewhat 
expensive ; and the carriage of the material adds greatly to the cost, especially in this country, 
which has no source of supply nearer than the Jura Mountains. The bitumen is known to be very 
similar to some cheaper substances, and, among others, to common coal-tar ; and carbonate of lune 
of similar quality to that of the bituminous limestone is easily obtainable in almost every locality. 
There is, therefore, every inducement to endeavour to produce an artificial compound, which may 
supply the place of natural asphalte. The effort to invent such a compound merits approbation, 
and has been successfully made by the Metropolitan Asphalte Company. Up to the present time, 
every artificial asphalte has proved to be a failure in cases where strength was required, or where 
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exposed to great altemationB of tempentnre. Preparations of coal-tar have been advantageonaly 
employed in protecting waUs, arches, &o., from damp, when the artificial asphalte could be itself 
protected from the weather and the air excluded ; and tar pavements are extremely cheap, and 
well adapted for many situations. 

ASSAYING. Fb., Essai des M€taux ; Gkb.,- Ptxbirkunst ; Ital., Saggio dei MetaUi; Spah., 
Ensayo de metaies. 

The term ** assaying " is frequently used in the general sense of chemical analysis ; but, strictly, 
it is only applicable to that mode of separating metals from their ores, or gold and silver from the 
baser metals, in which no wet reagents, generally speaking, are employed, and the action of heat 
is called into play. We shall, in this article, give concise methods for enabling any one to detect 
in commercially valuable minerals and ores those constituents of which they are composed. 

The forms of blowpipe generally used for assaying are shown in Figs. 420, 421. They conmst of 
a tube made of brass or of german-silver, bent near the end, and terminated with a finely-pointed 
nozzle. The best form of blowpipe is represented in Fig. 422. The tube and nozzle are made of 
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the same material as the common blowpipe, — the point of platinum, and the mouthpiece of horn, 
wood, or ivory. The air-chamber A serves to partially regulate the blast, and receives the tube 
and nozzle, which are ground to fit accurately, each of these pieces being movable. The point is 
made of platinum. 

In using the blowpipe, the lips are pressed against the mouthpiece, and the stem firmly held ; 
the cheeks are inflated with air, which is expeUed from the mouth through the pipe, by contracting 
the muscles of the cheeks, care being taken to inhale only through the nostrils ; by this means a 
continuous flame is kept up. 

When a flame is propelled by a current of air blown into or upon it, the flame produced may be 
divided into two parts, possessing respectively the properties of reduction and oxidation. The 
reducing-flame is produced by a weak current of air acting upon the flame of a lamp or candle ; 
.the carTOU contained in the flame is thus brought in cont^t with the substance to be examined, 
which it reduces. The oxidizing-flame is formed bv blowing strongly into the interior of the 
candle-flame. Combustion is thus thoroughly efiected ; and if a small piece of an oxidizable body 
be held at the point of the flame, the former speedily acquires an intense heat, and combines freely 
with the oxygen of the surrounding air. The substance to be analyzed should, when exposed to the 
flame of the blowpipe, be supported upon som& infusible, and, in many cases, incombustible material. 

When it is required to reduce an oxidized substance, to fuse a body without oxidizing it, or to 
oxidize a bodv on which the reducing action of carbon alone is unimportant, that body is placed 
in a small hollow in a piece of charcoal. The best kind of charcoal for this purpose is made from 
closely-grained pine- wood, free from knots, and should be cut by a small, fine saw into convenient 
pieces. 

For holding in the flame substances which would be affected by charcoal, plaiinum-wire, 
0*012 in. diameter, is formed into a small hook. The hook is heated and dipped into borax or 
^icrocosmic salt, which adheres to it, forming a small globule in which the substance to be tested 
is placed. Platinum-foil is used for the same purposes as the wire. Platinum spoons, shaped as 
in Fig. 423, are used for fusing the mineral with reagents, as carbonates of potash, and soda, 

423. 





^3r 



bisulphate of potash and saltpetre. When the substance can be determined by the colour it gi^M 
to the blowpipe-flame, it is held in the latter by brass or steel forceps with platinum tips, Figs. 
424, 425. To take up the mineral, the knobs 66, Fig. 424, are pressed, the platinum points a, a 
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then open, and close, when required, by their own elasticity. For manipulating in acids, forceps 
with glass points. Fig. 426, are used. 

Glass tubes of various diameters, in lengths of 5 or 6 in., open at both ends, are used for 
roasting substances containing sulphur, selenium, arsenic, antimony, and tellurium. These, when 
heated with an access of air, evolve chars^^^nstic fumes. They are generally heated by a spirit- 
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lamp. Bmall test-tubes are also required, in order to detect the presence of water, meroury, or 
other bodies which are volatilized by heat without access of air. 

The reagents most commonly used in assaying are carbonate of soda, borax, and microoosmio salt. 
The carbonate of soda must be anhydrous and perfectly pure. It is chiefly used to reduce metallic 
oxides and sulphides, to decompose silicates, and to determine the fusibility of different substanoes. 
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Pure borax is heated below its melting-point to expel its water of crjrstallization, and is then 
pulverized. In using borax, a small quantity is formed into a bead on the end of a platinum-wire, 
to this bead is then added a minute quantity of the powdered substance to be examined. The 
whole is then held in the blowpipe-flame, and the following results observed : — ^whether the borax 
dissolve the substance or not ; the colour of the bead formal in the oxidizing and reducing flames 
respectively ; and whether the colour of the bead alter when cooling. Only sufficient of the sub- 
stance should be added to give a colour to the bead ; if this be too intense to be clearly distin- 
guished, more borax may be added. When microooemic salt, which is a combination of pnosphate 
of soda and ammonia, is used, it should be fused upon platinum-foil, to expel the water and excess 
of ammonia contained in it. It is then used upon platmum-wire in the same way as borax. 

The following reagents are required in certain cases :— nitrate of potash, also called saltpetre, 
for oxidizing certain substances by fusing with them either on platinum-foil or in the platinum 
nxxm ; bisulphate of potash, for eliminating certain volatile matters, as lithia, boraoic acid, hydro- 
fluoric acid, bromine, iodine, also for decomposing salts of titanic, tantalic, or tungstic acids ; nitrate 
of cobalt, chemically pure and in solution, for detecting the presence of alumina, magnesia, oxide 
of zinc, oxide of tin, and titanic acid, which, when moistened with this reagent and strongly 
heated, assume certain characteristic colours ; silica, for various purposes ; fluoride of calcium, 
known as fluor-spar, which, mixed with bisulphate of potash, is usea for ascertaining the presence 
of lithia and boracio acid ; oxide of nickel or oxalate of nickel, which latter is a salt of oxide of 
nickel with oxalic acid, for the detection of potash in large quantity in salts which also contain 
soda and lithia ; protoxide, black oxide, of copper, for detecting cmorine, bromine, and iodine ; 
tin-foil, for reducing various metaUio oxides dissolved in borax or microcosmic salt (the hot fluid 
is touched on charcoal with a piece of tin-foil, and then strongly heated for some seconds under the 
reducing-flame) ; fine silver, for discovering sulphur and sulphuric acid. The reagents should be 
kept in glass-stoppered bottles. 

In addition to the apparatus already described, the following articles are desirable, though, 
with some exceptions, not indispensable ; a steel hammer, a smtul anvil, a steel crushing-mortar, 
an agate mortar, two or three flies, a pair of scissors, a magnet, a pocket-lens, some porcelain 
capsules, a spirit-lamp, and a good pocket-Jmife ; blue litmus-paper, turmeric-paper, small quantities 
of strong sulphuric, nitric, and hyorochlorio acids, and a few glass rods. 

Methods of Analysis. — In the Test-tube, — The tube being thoroughlv dry and dean, a small 
portion of the pulverized substance under examination is placed in it, and neated over a spirit-lamp 
until the glass softens ; it must then be noticed whether any vapour or sublimate is collected in 
the upper portion of the tube. This vapour may be water, mercury, sulphur, selenium, tellurium, 
or arsenic. If the product be liquid, its alkaline or acid reaction should be tested by litmus-paper. 
Organic substances may be detected by their odour. Quicksilver can be discovered in the sub- 
limate by means of a lens. The sublimate of selenium is reddish brown, of tellurium grey, and 
of arsenic black ; that of the latter being sometimee metaBio. If these substances do not appear 
as sublimates, it must not be concluded that they are not present, as they may exist in com- 
binations not readily destroyed by heat alone. Oxygen and ammonia are sometimes evolved ; the 
former may be recognized by introducing an incandescent splinter of wood, which will imme- 
diately burst into a flame; and the latter by its alkaline reaction upon moistened red litmus- 
paper. Often, however, ammonia exists in such a state of combination, that heat alone will not 
disengage it. When any substance is supposed to contain such a combination, it must be mixed 
with caustic soda, or caustic lime, and heated in a clean test-tube, when free ammonia will escape. 
In the Open Tube, — The substance in a state of powder is placed in the tube half an inch from 
one end, and heated by degrees, the tube being slightly inclined in order to produce a current of 
air. The constituents of the substance thus combine with the oxygen of tne air, and are vola- 
tilized. Sulphur forms sulphurous acid, which is detected by its pungent smell. Selenium forms 
a steel-grey deposit, and also a vapour, characterized by its smell. Arsenic volatilizes as 
arsenious acid, antimony as antimonious acid, and tellurium as tellurous acid, all forming dense 
white fumes. The deposit from arsenic is crystalline, from the others amorphous ; that from 
tellurous acid forms small beads. The tubes used should be made of difficultly fusible German 
or Bohemian glass. 

On Charcoal, — The action of most substances when heated on charcoal is similar to their action 
in the test-tube. The experimenter should make himself familiar with the incrustations formed 
by different substances when heated on chiuooal. We will only describe the action of those 
substances which are of practical importance. 
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ArteniCj when heated upon charcoal by the blowpipe-flame, ooyere the former with a coatings white 
in the centre and grey at the edges, of anenious acid. Tnis coating is immediately volatilized, 
when brought in contact with the flame, and gives off the odour of garlic which characterizes 
arsenic. The vapour evolved is highly poisonous, and should not be inhaled. Metallic arsenic 
dissolves readily in nitric and hydrochloric acids ; in the first case, if heat be applied and an 
excess of acid used, arsenic acid will be formed ; and in the second, arseniuretted hydrogen, a very 
poisonous gas, is evolved, leaving chloride of arsenic. 

Antimony melts easily, coating the charcoal under both the oxidizing and reducing flames, 
with an incrustation — white where tiiick, and bluish where thin — of antimonious acid. Anti- 
monious acid is less volatile thaji arsenious acid, and tinges the reducing-flame blue; but is 
simply melted by the oxidizing-flame. Antimonious acid, when moisten^ with a solution of 
nitrate of cobalt, and graduaUy brought to a high temperature in the oxidizing-flame, after 
cooling, presents a dusky green appearance. The best solvent for antimony is aqua regia, 
nitro-muriatic acid, which converts it into chloride of antimony. 

Bismuth melts r&uiily, and coats the charcoal, under both flames, with its oxide. The colour of 
this coating resembles that of an orange, and becomes paler on cooling. The edges of the oxide, 
which have been more exposed to the action of the charcoaL become converted into carbonate of 
bismuth, which is white. By applying either flame the oxide is driven from place to place, being 
first reduced by the charcoal to metallic bismuth, which is volatilized and re-oxidized. The 
colour of the fliune undergoes no alteration. Bismuth dissolves in nitric acid, from its solution in 
which it may be precipitated as a white sediment by dilution with pure water. 

Capper, — ^This metal, when unalloyed, melts easily before the blowpipe. When placed in the 
oxidizing-flame it becomes coated with black oxide of copper, while the flame is strongly tinged 
with green. Metallic copper is easily obtained from its oxide in the reducing-flame, without 
incrusting the charcoal. Many compounds of copper may be reduced to the metallic state by 
mixing them with carbonate of soda, and then heating in the reducing-flame. Copper dissolves 
readily in nitric acid, giving off nitrous fumes, and forming a deep azure-blue solution on the 
addition of ammonia. A polished surface of iron or steel, inunersed in a solution of copper, soon 
becomes coated with this metal. 

Gold melts easily before the blowpipe, is not acted on by fluxes, and is soluble in aqua regia. 

Lead fuses readily, covering the charcoal with oxide of a dark yellow colour, which becomes 
paler on cooling. Beyond the oxide, carbonate of lead is formed, of a bluish-white colour. The 
oxide, when heated in the oxidizing-flame, acts in the same manner as the oxide of bismuth ; but 
in the reducing-flame it volatilizes, tinging the flame blue. Lead readily dissolves in nitric acid ; 
and its oxide, litharge, is soluble even in vinegar. 

Platinum. — ^Infusible, not affected by borax or microcosmic salt, except in a state of fine dust, 
when reactions for iron or copper, which occur in small quantities, as impurities, take place. It is 
soluble only in boiling aqua regia. 

Silver^ when fused alone upon charcoaL covers it with a thin coating of dark brown oxide. If 
lead be present, it first forms a yellow oxiae ; then, as the silver becomes purer, the silver forms a 
dark red deposit beyond. Antimony, when present, forms a white crust of antimonious acid, which, 
on further exposure to the heat, becomes red on the exterior. If antimony and lead are simul- 
taneously present in the silver, a crimson incrustation forms upon the charcoal after the former 
metals have been volatilized. Bich silver ores sometimes produce the same result, when fused upon 
charcoal. Silver dissolves readily in nitric acid, and may be re-deposited by a plate of copper. 

Tin melts readily, and oxidizes in the inner flame. The melted metal, when exposed to the 
reducing-flame, becomes covered, as well as the charcoal, with oxide, which is pale yellow while 
hot, and becomes white when cool. This oxide cannot be reduced by either flame. The best 
solvent for tin is hydrochloric acid ; nitric acid oxidizes this metal, but has no effect upon its.oxide. 

Zinc melts with facility, and bums with a bright greenish-white flame in the oxidizing-flame. 
The product of this combustion is oxide of zinc, evolved in dense white fumes, which coat the 
chaicoal. This coating, while hot, is yellow, and turns white on cooling; it snines brilliantly 
when heated with the oxidizing-flcune, but cannot be volatilized. The reducing-flame volatilizes 
it but slowly. Zinc is readily soluble in dilute sulphuric acid, hydrogen being evolved, and 
sulphate of zinc formed. 

In Platinum Forceps. — If the substance to be examined does not attack platinum, a small frag- 
ment held in the forceps is exposed to the oxidizing-flame ; if its action upon platinum is feared, 
it should be placed upon charcoal or refractory porcelain.' In this method of examination the 
substance is recognized by the colour it imparts to the flame. The following are a few substeoices 
of frequent occurrence classified according to the colours which they give to the blowpipe-fiame : — 



Bine FUme. 


Green Flame. 


Red Flame. 


Violet FlAm& 


Arsenic .. light. 


Copper .. emerald. 


Lime .. purplish. 


Potash .. clear. 


Antimony .. greenish. 


Baryta .. pale. 
Boracicacid dark. 


Lithia .. crimson. 




Bromide of \ mixed with 
copper / green. 


Strontia . . dark crimson. 




Ammonia .. very dark. 
Iron .. .. dark. 






Chloride of |i^^^ 
copper / *"«"«'• 
Lead .. .. pale, clear. 






Iodide of] 


1 intense 






copper ' 


emerald. 






Selenium .. azure. 


Phosphoric 
acid j 


pale. 






1 


Zinc .. .. very pale. 







188 assathtq. 

Wili Borax. — Aa thia method mrvet to diltiiigiiiiib metallio oildea, all mfaetancea ocmtuning 
nnoiidiied metalx must be previoiul; rosated, in order to convert tham into oxides. The aame 
tiettment ia ntie^teaty wliea microcoHmlD aalt in sabstitated for borKi. 

With Carbonate of Soda. — The BiibelftiiG« to be analyzed ia powdered ajid made into • pMte with 
enrbonate of sods nnd water. A small portion of the pute is tben gradually heated upon the 
oharcoal oiitil the temperature is aa high fiapowible. Three reuctiona may then take place: either 
the aubetanee will fuae with etTerreBceiice, it will be reduced, or the aUwli will be abaorbed into 
the oharcoal, leaviiig the subatance on the aurface unohanged. Silica, titanio and tungatie acidit 
fuae with efferreaoenoe. 

The Diidea of gold, silver, tungsten, antimonj' araenio, copper, raereniy, biamnUi, tin, lead, 
line, iron, nickel, and cobalt, when mixed with carbonate of soda ajid heated upon the charcoal in 
the redncing-flame, are reduced. I«ad, qdc, antimony, and bismuth, volatilixe partially, fonmng 
inccuBtationg on the cbanxnl. Mercury and arseoic are volatilized aa aoon aa reduced, Wving no 
marha upon the charcoal. 

That part of the oharcoal npon which the aaaav haa reated moat be pulveriied In a nwrtar, 
when aoT metal which may be contained in it will be found in the form of a ahining metallio 
powder, if brittle, or flakes, if malleable. 

Sulphur may be detected by heating the sabttanoe with double ita weight of carbonate of aoda, 
upon charcoal, in the redudng-flame. The assay and that portion of the charcoal which has 
' d any alkali are powdered and placed upon a moistened aurface of polished aUver, which, if 



a black at 



u the 01 



w colour when cool. 



Dlidizing-flame. The bead thua formed ia 

In order to detect qnantitiea of phoaphoma too minute to give any reaction in the blowpipe- 
flame, part of the aubatance ia pulverized with five timea ita bulk of a mixture of 3 parta carbonate 
of aoda, I nitrate of potash, and 1 silica, and the whole fused in a platinum spoon or crucible. The 
resulting mass ia mixed with water, Altered, and a few drops of carbonate of ammonia added ; the 
dlica is precipitated by boiling, and removed by filtration. A amall quantity of acetic acid ia then 
added to the filtrate, which ia boiled to expel the carbonic acid, and to which pure nitrate of silver 
ia added, i! pboaphoruB Or phoaphoric acid be present, a yellow precipitate appears ; if, OD the 
contrary, the solution contaiu arsenic, or any componnd of that metal, the precipitate ia of a leddish- 
brown colour. 

Aaay of Fuel,— To estimate approximately the amnimt of carbon in any puticnlar fuel, ft 
portion of the fuel should be dri^ weighed, and heated in a platinum crucible until further 
increase of temperature causes no reduction in weight. The difference between the weight of the 
remaining ashes and that of the substance previous to heating gives the desired result. 

Atiay of OrM and Silver. — In assaying gold, the metal is wrapped, with three times ita weight of 
fine silver and twelve times ita weight of pure lead, in a piece of thin paper, and melted in a bone- 
ash cupel, Fig. 127. This oupel is either heated in a muifie, 

shown at m, Fig. 42S, or by the oiidizing-fiame of a blowpipe. *^' 

The lead and copper beoome oxidized, tl^ fused oxide of lead 
diasnlves that of the copner, and both are abeorbed by the cupel, 
leaving the gold and silver combined in the form of a bntton. 
This button should be rolled into a thin plate and boiled with 
nitric acid, spec. grav. I'lS, which extracts the greater part of 
the silver. The remainder is then washed with pure water, and 
boiled in nitric acid, spec. grav. 1'2S, to extract the last traces 
of silrer; after which it is washed, heated to rednesa in a 
crucible, and weighed. 

The aaaav of siiver ia generally conducted by the wet proceas, 
and ia based on the fad that chloride of silver ia an inaolnble 
salt, and that a solution of common salt can be made of such a 
strength aa to precipitate a certain weight of pure silver from a 
Bolution of that metal in nitric acid. 

Lead may be extracted from galena. Its solphide, and ita moat 
common ore, by mixing 300 grains of galena with 450 grains of 
dried carbonate of soda and 20 grains of charcoal, and uacing it 
In a crucible with two large iron nails, heads downwards. Tliis 
crucible is covered, aud heated moderately for half-an-bonr. The 
remainder of the nails ia carefully removed from the liquid maaa, 
which ia then allowed to oool, the Dmcibls broken, and the lead 
extracted and weighed. 



lead is oxidized and abeorbed by the bone-ash the cupel ia made 
of, leaving the minute globule of silver. Small globules of lead 
may be conveniently cupelled on charooal before the blowpipe, 
bv [neaaing some bone-ash into a oavity scooped in the ohareoaL 
placing the lead upon ita suriaoe, aud exposing it to a good ■ 
oiidiKing-fiame aa long as it deoreoaee in size. If any copper 
be present, the bone-ash will show a green stain after cooling. 
Pure lead gives a yellow stain. In the above process the aulphur 




gftima may b« mixed. (See Artiolea on the vi 
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Works rehUng to Assaying: — Berthier, 'Traits dee EssaiBjpar la voie Bfiehe,' 2 YohL, Svo, Paris, 
1848. * Beooids of Mining and Metallurgy,' by J. Arthur rhillipa and John Darlington, orown 
8yq, 1857. Soheerer and Blandford, * An Introauction to the Use of the Mouth Blow-pipe,* 12mo, 
1864. J. Silversmith's * Handbook for Miners, Metallurgists, and Assayers,' 12mo, New York, 1866. 
G. Kurstel, * Nevada and California Processes of Gk>ld and Silver Extraction,' 8vo, San Francisco, 
1866. B. Kerl, * Metallurgische Probirkunst,' royal 8vo, Leipzig, 1866. J. Arthur Phillips, 
< Mining and Metallurgy of Gold and SUver,' royal 8vo, 1867. Mitchell's * Manual of Practical 
Assaying,' Srd edition, 8vo, 1868. 

ATOM. Fb., Atome ; Ger., Atom ; Ital., Atomo ; Span., Atomo, 

Bodies are not composed of one continuous substance, but — as is evidenced by their porosity 
and their faculty of increasing or diminishing their volume under certain influences, and even of 
changing their actual state — they are formed of an aggregation of small particles, called molecules^ 
placed at specific distances from each other, and maintained in equilibrium by the powers of 
attraction and repulsion which they reciprocally exercise. 

These molecules, however, are not the final limit of subdivision of which matter is susceptible. 
By bringing other forces into play, it is possible, in most cases, to divide them into yet smaller 
masses. * 

It is to these last that the name of atom has been given. 

We have said ^' in most cases,^ because there are some exceptional ones when the molecule is 
not divisible. 

The bodies to which they appertain are then said to have an atom and a molecule that are 
homologous. • 

By knowing the atomic weights of all the simple bodies, and the molecular weights of either 
the elements or the compounds which th^y form, we arrive at far more correct notions regarding 
the constitution of bodies, than by trusting solely to the rough fact of equivalents. See Molboule. 

How the fi rst o f these are attainable will be shown in the next article. 

ATOMIC WEIGHTS. Fb., Poids atomiques; Gist., AtamgnMoicht ; Ital., Pssi atomichi; Span., 
Pesos atcmicos, 

Higgins and Dalton were the first to think of explaining chemical combinations by the hypo- 
thetical juxtaposition of atoms. Dalton argued that, those atoms being insecable, the various 
quantities of a body A, which unite with an invariable quantity of another body B, must bear to 
each other ratios that are rational and commensurable. From this atomical hypothesis he then 
deduced, a priori^ the law of multiple proportions, which, after receiving the sanction of experience, 
has become one of its most solid foundations. 

The atomical theory afibrds a satisfactory explanation of equivalents, that is to say, of the fact 
that bodies enter into combinations in quantities bearing the same ratio, though they vary between 
themselves. 

For example, let us suppose the weight of one atom of potassium to be S9 times greater than 
that of one atom of hydrogen, and that one atom of the one or the other of those bodies to one atom 
of chlorine is required in order to form a definite combination. As the weight of the atom of 
chlorine remains the same in both cases, it is evident that, to saturate it, it will take 89 times 
the weight of potassium that would be required of hydrogen. Moreover, as these proportions 
cannot alter, although, instead of two atoms, an indefinite number enter into combination, the 
result is, in general, that to saturate any given quantity of chlorine, it will take 39 times more 
potassium than hydrogen. This is what is meant when we say that the relative equivalent of 
potassium to that of hydrogen, taken as unity, is 39. In the atomical theory, the equivalents of 
bodies thus become the weight of their atom compared to the weight of an atom of hyorogen taken 
as unity, and are known under the name of Atomic Weights. 

The notion of atomic weight carries with it, however, something more precise than that of 
equivalent. It is another ratio, but one more fully determined. 

For instance, let us suppose an atom of oxygen to play the same part as an atom of hydrogen, 
that the two bodies, in short, may be substituted the one for the other, and atom for atom ; as 
experiment proves that 8 parts, in weight, of oxygen go to 1 of hydrogen, we are boimd to conclude 
that the atom of oxygen weighs 8 times heavier than that of hydrogen ; — that the atomic weight 
of oxygen is 8. 

We will now assume that it takes 2 atoms of hydrogen to replace one of oxygen. As one of 
hydrogen is replaced by 8 of oxygen, 2 of hydrogen will require 16 of oxygen ; this will lead us to 
the admission that the atom of oxygen weighs 16 times heavier than that of hydrogen ; — that the 
atomic weight of oxygen is 16. 

It thence follows that — according as the atom of oxygen is substituted for 1 or for 2 atoms of 
hydrogen — the atomic weight of the fint of those two l>odies is 8 or 16 ; whereas the equivalent — 
which only represents a simple relation of weight, irrespective of atoms — remains always equal 
to 8. 

It is necessary to bear in mind that the numbers whereby the atoms of the different bodies are 
expressed have reference solely to their relative weights — not to their bulks, which are supposed 
to be equal in all cases. 

Another important distinction to which we must call attention is this, that compound bodies can 
have no atomic weight :' they have only a molecular weight. 

Simple bodies have both a molecular weight and an atomic weight. 

These two weights may be used indiscriminately in special cases when the molecule contains 
only one atom. 

Two methods are commonly used to determine atomic weights : the one is founded on the fact 
that an atom is the smallest portion of a body which can exercise a reaction, the other is based 
upon the different raecific heats. Both these methods are indispensable, as they cannot be always 
used indiscriminately. 
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First Method, — ^In order to determine the atomic weight of a simple body, it is necessary, in the 
first place, to know the molecular weights of that body in a free or unoombined state, and of all 
—or, at least, the greater number of the compounds which it forms ; it is, moreover, requisite to 
ascertain the relative quantities which enter into the composition of these latter. We then choose, 
as the weight of the atom, the largest number that will exactly divide the weights of that body 
contained either in its free molecule or in that of its various compounds. For, in fact, a single 
molecule must contain a whole number of atoms, since these are indivisible ; therefore, the weight 
of any number of atoms is necessarily al¥rays capable of being divided by that of a single atom. 

One example will suffice to make this clearly understood. In comparing the weights of equal 
volumes of free hydrogen, hydrochloric acid, hydrobromic acid, hydriodic acid, hydrocyanic acid, 
hydrosulphuric acid, hydroselenio acid, hydrotelluric acid, ammonia, and so on, we find that 
the molecuiar weigkts^ot these different bodies, as compared with that of the moUcular weight of 
hydrogen, taken as imity (and not with that of its atom, which we still suppose to be unknown), 
are as follows : — 



• 


Weighta of 


QUAXTITATXVK OoiffOBITIOK OF THE If OUCDLB. 




Molecalee oom- 






Names of Bodiei. 


pared with the 
Weight of a 


Amount of 






Molecule of 


Hydrogen In 


Quantltlefl of i 




Hydrogen = 1. 


a Molecule. 




Pure hydrogen 


1 


1 


other bodies. 


Hydrochloric acid 


18-25 




17-75 chlorine. 


Hydrobromic acid .. 


40-50 




40 bromine. 


Hydriodic acid 


6400 




63-5 iodine. 


Hydrocyanic acid 


13-5 




13 carbon and nitrogen combined. 


Water 


9 




8 oxygen. 


Hydrosulphuric acid 


17 




16 sulphur. 


Hydroselenio acid 


40-75 




39*75 selenium. 


Hydrotelluric acid .. 


65-5 




64-5 tellurium. 


Formic acid 


23 




22 carbon and oxygen combined. 


Ammonia 


8-5 




7 nitrogen. 


Phosphoretted hydrogen .. 


17 




15*5 phosphorus. 


Arseniuretted hydrogen .. 


39 


t 


37*5 arsenic. 


Acetic acid 


30 


28 carbon and oxygen combined. 


Ethylene 


14 


2 


12 carbon. 


Propionic acid 


37 


3 


34 carbon and oxygen combined. 


Alcohol 


23 


3 


20 „ „ 


Ether 


37 


5 


32 



From this Table it will be seen that the greatest common divisor of the numbers, }, 1, f, 2, 3, 5, 
which express the weights of hydrogen contained in the molecules of the different bodies, is | ; 
therefore ^ represents the atomic weight of hydrogen. All the weights in the foregoing Table 
refer to the molecule of hydrogen. If, however, we take as unity the weight of this atom instead 
of that of the molecule, the numbers would be doubled, as follows: — 





Molecular 
Wei^ts com- 
pared with the 
Weight of One 
▲torn of 
Hydrogen. 


QUAICI 






'ITATIVB OOMPOeiTXm OF THB MOLICCLB. 


Names of BodleB. 


Amount of 
Hydrogen in 
a Molecule. 


Quantities Of : 


Pure hydrogen 

Hydrochloric acid .. 
Hydrobromic acid . . 

Hydriodic acid 

Hydrocyanic acid 

Water 

Hydrosulphuric acid 
Hydroselenio acid .« 
Hydrotelluric acid .. .. 

Formic acid 

Ammonia 

Phosphoretted hydrogen .. 
Arseniuretted hydrogen . . 

Acetic acid 

Ethylene 

Propionic acid 

Alcohol 

Ether 


2 

36-5 

81 
128 

27 

18 

34 

81-5 
131 

46 

17 

34 

78 

60 

28 

74 

46 

74 


2 
1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
6 
6 
10 


other bodies. 

35*5 chlorine. 

80 bromine. 
127 iodine. 

26 cyanogen. 

16 oxygen. 

32 sulphur. 

79*5 selenium. 
129 tellurium. 

44 carbon and oxygen. 

14 nitrogen. 

31 phosphorus. 

75 arsenic. 

56 carbon and oxygen. 

24 carbon; 

68 carbon and oxygen combined. 

40 carbon and oxygen. 

^ n » 



And 1, being the greatest common divisor, would be the true atomic weight of hydrogen. 

In the same manner, we can determine the atomic weights of other simple bodies ; for instance, 
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nitrogen. For this purpoee we mnst first examine the molecular weights and compositions of the 
different volatile compounds of nitrogen, as protoxide and binoxide of nitrogen, hyponitrous acid, 
hydrous and imhydrous nitric acid and ammonia ; we can then form the following Table : — 





Wdgfatof 










Molecule ooni- 


Amoont 






Names of Bodica 


pwedwlth 

an Atom of 

Hjdrogen ^ 1. 


of 
Nttrogen. 


Amoant of: 




Protoxide of nitrogen 


44 


28 


16 oxygen. 




Binoxide of nitrogen 


80 


14 


16 „ 




Hyponitrous acid 


46 


44 


82 „ 




Hydrated nitric acid 


63 


14 


49 „ and hydrogen combined. 




Anhydrous nitric acid 


108 


28 


80 „ 




Ammonia 


17 


14 


8 hydrogen. 
other bodies. 




Nitrogen .. 


28 


28 





14, being the greatest common diviBor of the numbers 14 and 28, becomes the atomic weight 
of nitrogen, and wUl remain so unless a new combination of that body be discovered, Ihe molecule 
of which shall contain a quantity of that metalloid equal to a submultiple of 14. 

Second Method. — This method is due to Dulong and Petit. The atomic weights of several bodies 
being already known, those savants found that the same amount of heat is always requisite in 
order to raise by 1 degree the weights of various simple bodies proportional to their atomic 
weights. Thus, to increase by 1 degree 25 grammes of sodium, 32 grammes of sulphur, 118 grammes 
of tin, 31 grammes of phosphorus, &c., one same quantity of heat is required, which, for the pre- 
sent, we wiU represent by the letter P. 

P raises 23 grammes of sodium 1 degree. It is evident, then, that to raise 1 gramme— that is, 

P 
23 times less of that element— also 1 degree, 23 times less heat will be required, or — . Therefore, 

P 

^ represents the calorific capacity of sodium. 

P P 

In a like manner it will be foimd that the calorific capacity of sulphur is r^r-, that of tin —-- 

32 118, 

p 
and that of phosphorus — • 

It will be seen that tiie specific heats decrease when the atomic weights increase, and that in 
the same ratio ; so that the atomic weights being 1, 2, 4, 8, 16, Ao., the specific heats will be 

*. ii i» A» *«• 

We are taught by arithmetic that if the two factors of a multiplication be so modified that the 

one becomes 2, 3, 4, 5 times less while the other becomes 2, 3, 4, 5 times greater, the product is 

invariable. We must, therefore, always obtain sensibly the same number when we multiply the 

specific heats of various bodies by their atomic weights. 

P X 23 
Thus, the product of the atomic weight of sodium by its specific heat is — ^^^r— = P* The 



Px32 
32 



23 
= P. The constant 



product of the atomic weight of sulphur by its specific heat is 

number P has been numerically determined, and is sensibly equal to 6*666. 

If it be required to find the atomic weight of a simple body, its specific heat must be ascer- 
tained. Let represent the heat, and x its unknown atomic weight, we have : G x x = 6*666 ; 

6*666 
whence we derive x = ■ . The atomic weight is foimd, therefore, by dividing the number 

\j 

6*666 by the specific heat derived from experiment. 

Dulong and Petit have enunciated tnu law by saying that the specific heats are inversely 
proportional to the atomic weights. 

To enable the use of this method, it is necessary that the bodies whose specific heat we wish 
to ascertain, exist under similar conditions. Thus the specific heat of gases cannot be used to 
determine their atomic weights. But, in this case, the desired result is arrived at in a different 
maimer. 

M. Voestyn discovered that, in compound bodies, each atom retains its specific heat. If the 
molecule of a compound body contains 2, 3, 4 simple atoms, the product of its specific heat by its 
molecular weight will be 2, 3, 4 times the constant number 6*666. 

So that, supposing that the atomic weight of a gas be required, it must be made to enter into such 
a combination as will assume the solid ^te, and of which the specific heat must be ascertained. 
By multiplying the number representing that calorific capacity oy the molecular weight of tlie 
compound, and dividing the product by 6*666, the quotient gives the number of atoms of which 
the molecule is composed. The analysis of the compound being made, and the atomic weight of 
one of its elements Imown, the atomic weight of the other can be readily deducted. 

Let us assume, as an example, that it is sought by this process to find the atomic weight of 
oxygen: we combine it with hydrogen, and tiien determine the specific heat of the water thus 
formed, or rather, we kuow that it is equal to 1, since the specific heat of water has been taken as 
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the nnxtY : on the other hand, the moleonlar weight of the water most be ascertained, and it will 
be found eqnal to 18. Now, as the number 18 contains 3 times 6, we arriye at the conclusion that 
the water contains 3 atoms ; finidly, it is shown by analysis that 18 of water contain 16 of oxygen, 
and 2 of hydrogen. We are, moreover, aware that the weight of an atom of hydrogen is 1 ; we 
must thence conclude that the atom of oxygen weighs 16. For, if it weighed less than 16, there 
would be more than one atom in a molecule of water, and, as the latter already contains 2 atoms of 
hydrogen, it would contain altogether more than 3 atoms, which would be in contradiction with 
the conclusions deduced from the calorific capacity of ¥rater. 

It has been seen that, in lieu of dividing 18 by 6 * 666, we divided it only by 6. That lb because 
the number P is not absolutely constant, but varies between 6 and 7; so that in selecting 6*666 
we only chose the mean. This, however, does not in any ¥ray weaken either the law or the results 
derived from it. The specific heats are only approximate, because it ia not possible to tell what 
quantity of caloric a body absorbs in order to expand as well as to become heated, a quantity 
which increases the specific heat found, and falsifies the result ; but this slight divergence between 
theory and experiment offers no inconvenience : it tends, it is true, to render the atomic weights 
likewise only approximate; fortunately that approximation is sufficiently great to render the 
analysis of the compounds, into which enter the bodies of which the atomic weights are required, 
all-sufficient in completely establishing the latter. 

If the atomic weight of silver were required, we should divide the number 6 '666 by 0*05701, 

the specific heat of the metal and thus we should obtein ;r-:ri.=^ = 117 ; if , on the other hand, we 

* 0*05701 ' 

combine silver and chlorine, and analyze the chloride of silver, we shall find that that compound 

contains 35 * 5 of chlorine to 108 of silver. 

As 35*5 represents the atomic weight of chlorine, we may consider this latter to be combined 
with 1, 2, 3, 4 . . . atoms of silver, ^d, in ^ese several hypotheses, the atomic weight of silver 
would be 108, 54, 27, . . &c. 

Again, we may suppose the chloride of silver to contain only 1 atom of silver, to 2, 3, 4, 5, . . . 
atoms of chlorine, so that the quantity of silver in combination with 35*5 of chlorine would repre- 
sent but ^, h \, h ' ' - ^^6 weight of its atom. In these several hypotheses the atomic weight of 
silver would be 216, 324, 432, 540, . . . &c. 

Other hypotheses may be added to the above ; but, be they what they may, they will always 
g^ve for the atomic weight of silver values that differ considerablv from the number 117, found by 
means of the specific heat. There is but one supposition whicn yields a value in approximate 
harmony with tnat number, it is the one whence we deduced 108 as the atomic weight : 108 must, 
therefore, be regarded as the true atomic weight of silver. 

The object of chemical notation is to represent the various bodies known by means of brief 
formuliB which shall indicate at once their molecular weight, and their composition both as to 
quality and quantity ; thus enabling the sense of the different reactions that take place to be 
better understood. 

In the construction of these formulsB a symbol has been adopted that represents the atom 
— not the molecide — of each simple body ; such are the symbols used in the Table. These 
symbols are generally obtained by taking the initial letter of the name of the body, thus : O for 
oxygen, S for sulphur, and so on. When the names of several bodies commence with the same 
letter, the first letter is then taken to designate that body only that has been longest known ; 
whereas, for the symbol of the others, the two first letters of their name are used. For instance, 
sulphur, selenium, silicium, strontium, beginning each wilh an S, ^ signifies sulphur, while Se 
represents selenium, Si silicium, and St strontliun. 

There are, however, some exceptions to this rule : occasionally, instead of using the two first 
letters, the first and one of the letters in the body of the word are taken. Thus, arsenic is 
expressed by As, stannum (tin) by Sn, stibium (antimony) by Sb, and hydrargyrum (mercury) 
by Hg. 

Finally, in the same way that some of the symbols are taken from the I/atin, like the three 
last, others are borrowed from the German. Thus, the symbol of tungsten is W, from the German 
Wolfram. 

All simple bodies being indicated by a symlxd that expresses not only their nature, but also 
their atomic weight, nothmg is easier than to represent a compound molecule. The only thing 
needed \a to write down, side by side, the several constituent atoms, adding above each one an 
exponent indicative of its number. When that number is equal to 1, the exponent is dispensed 
with. Thus, S Q^ implies a compound molecule formed of 1 atom of sulphur and 3 atoms of 
oxygen. 

Li symbolic writing it has been agreed to place the most electro-positive of the several com- 
ponents always first. But this rule is only strictly followed for those compoimds that contain but 
two elemente. 

It is clear that the formulie of which we are now speaking represent the qualitative compo- 
sition of bodies. It is also clear that they represent their molecular weights. Since a molecule 
can have no other weight than the siun of the weights of tiie atoms contained in it, in order to 
know how much it weighs, it will suffice to multiply the atomic weight of each element by its 
exponent, and add together the products. Thus, the formula of glycerine being & H* B*, ito 
molecular weight will be equal to 

the weight of 3 atoms of carbon 3 x 12 s 36 

+ the weight of 8 atoms of hydrogen 8x1=8 

-f the weight of 3 atoms of oxygen 3 x 16 = 48 

Total .. .. 92 
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Finally, theoe formnln represent likewise the centesimal oomposition of bodies. Exu>wing the 
quantity of the yarious elements oontatned in a certain weight of the compound — uiat of its 
molecnle, we arriyey by means of a simple proportion, at the knowledge of its centesimal 
ooinpoeitian. 

For example, supposing that we wish to find the centesimal composition of acetic acid ; we 
dednoe from its formula, 6* H^ O', in the first place, that the molecule of this acid weighs 60, and 
that it contains • 

2 atoms = 24 of carbon, 
4 atoms = 4 of hydrogen, 
and 2 atoms = 32 of oxygen. 

We next lay down the three proportions : — 

,^ «^ «. ,^^ t^ 24 X 100 24 X 10 ^^ 

1st. 60 : 24 :: 100 : x, where x = — ^r — = — 5 — = 40. 

2nd. 60:'4::i00:x,where»= ^^^ = i4^ = ^"6^- 

oU o 

Sid. 60 : 82 :: 100 : *, where* = ^^^^ = ??-^ = 53-333. 

We now know in what manner, by the aid of a formula, it is possible to learn the quantitative 
and qualitative composition, as well as tiie molecular weight, of the compound which it represents. 
It remains to be seen how, with a given body, the formula is to be established ; it is the other side 
of the problem. 

To establish the formula of a compound body, we first of all ascertain by analysis its centesimal 
composition ; then we determine its molecular weight. Our next step is, by a series of proportions, 
to iSnd out the composition of a certain weight of that substance Imown to represent its molecular 
weight. After which we divide the quantities of its several elements by their atomic weights ; 
the quotient shows how many atoms there are of each. Finally, we only have to write down, side 
by side, the symbols expressmg the different atoms, beg^inning with the most electro-positive, and 
to sunnount those ^rmbols by an exponent indicating Sie number of the atoms. 

Let us apply this rule to an example, and suppose that it be required to establish the formula 
for propionic acid. We analyze the acid, and we mid that it contains 48*648 centesimals of carbon, 
43*243 of oxygen, and 8* 108 of hydrogen. 

We next look for its molecular weight, and find it equal to 74. Having done that, we lay down 
the three proportions : — 

1st. 100 : 48-648 : : 74 : X, where x =■ 35*999, or nearly 86. 
2nd. 100 : 43*243 : : 74 : x, where x = 31*999, or nearly 32. 
Srd. 100 : 8*108 : : 74 : X, where x =. 5*999, or nearly 6. 

80 that one molecule of propionic add weighs 74, and contains 36 of carbon, 32 of oxygen, and 6 of 
hydrogen. 

The weight of one atom of carbon is 12 ; if, then, we divide the weight of that body contained 
in one molecule of propionic acid, that is 86, by 12, we shaU have the number of its atoms ; and, as 

-^ =r 8, we conclude that it contains 8 atoms of carbon. 

In like manner, the weight of one atom of oxygen being 16, we divide the weight of oxygen 

32 
contained in the molecule by that number ; that is, ^ = 2 : therefore, propionic acid contains 2 

atoms of oxygen. 

Finally, one atom of hydrogen weighs 1, and as there are 6 of hydrogen, and j = 6, we conclude 

thatpropionic acid contains 6 atoms of that element. 

Hence the formula for propionic acid is G> ft* G^, 

It is sometimes necessary to indicate that a certain number of molecules of a same body take 
part in a reaction. It is then customary to place at the left of the formula a coefficient, to express 
that number. Thus, to signify 3 molecules of propionic acid, we write 3 ^ H< G^, 

Lastly, in order to render an exact account of the reactions, it is the practice to represent them 
by means of equations. In these equations the first side contains the formulas of the different 
bodies entering into reaction, preceded by a coefficient indicating how many molecules react ; and 
the second side, which is separated from the first by the sign =, contains the formultB of the pro- 
ducts formed by the i^saction. As nothing is lost during chemical action, it is clear that the 
second side of the equation must contain strictly all the atoms that existed in the first, only 
differently grouped. 

To give an example of a chemical equation, we wiU represent the reaction which gives rise to 
chloride of potassium, E 1, by means of hydrochloric acid, H G I, and of potassium K H O. 

KHO+HCI = KCI4-H»0; 
ba*.^ Hydro- Chloride 
*3J^ chloric of Water, 

add. potaMtum. 

The atom of potassium, the two atoms of hydrogen, the atom of oxygen, and the atom of chlorine 
that compose the first side, are all found in the second side, but grouped in a different way. 

o 
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The following Table oontainB a complete list of the elementary bodies known at 
Eyery description of matter which has been examined is made up of these 65. 
combined together to form compounds, or in an unoombined or free siate. 
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SPBcmo Oratitt. WaisbsI. 
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Atomic 


Cub c Foot 
inOunoea 




Names 










of Elementa. 


1 

Al 


New 
Atomic 
Weights. 


Atomic 

Weit^ts of 

Benelius. 


Atomic 
WeigbUof 
tierhardt 


Volimieft. 


Avoirdapola. 

Waters 

1000 oz. 


When water — 1000, the decimal pfrfnt Is to be ptaoed to 
the Sights three plaoeB of Fignrea. 


Aluminium.. 


Al 


27-5 


27-39 


13-75 


5-3 


2670 


» 
2-5— 2-67, Wohler; 2-67,DeviUe. 


Antimony . . 


«b 


Sb 


122 


129-24 


122 


17-9 


6720 


6-72, Marchand and Scheerer; Kopp. 


Arsenic 


As 


As 


75 


75-22 


75-22 


13-3 


5670 


5-63, Karsten; 5*67, Herapath. 


Barium 


fia 


Ba 


137 


137 06 


68-5 


ft ft 


• . 




Bismuth 


Bi 


Bi 


210 


213-20 


210 


21-2 


9800 


9*80, Mfichand and Scheerer; 9*78, Kopp. 


Boron . . . . 


B 


B 


11 


21-82 


10-9 


ft ft 


ft ft 




Bromine 


Br 


Br 


80 


80-10 


80 


25*8 


8190 


Xi^iVf : 3*19, Pierre: 2*99, Lowig. 


Cadmium .. 


Gd 


Cd 


112 


111-66 


56 


6-5 


8690 


8-69, Stromeyer; 8'45, Kopp. 


CsBsium 


Cs 


Cs 


133 


• t 


. * 


ft ft 


• ft 




Calcium 


«a 


Ca 


40 


40-32 


20 


12-6 


1580 


1*58, Bunsen. 


Carbon 


C 


C 


12 


12-04 


22 . 


3-4 


3520 


Diamond : 3 * 52, Brisson. 


Cerium 


Ge 


Ce 


92 


• • 


• . 


« ft 


• • 




Chlorine 


CI 


CI 


35-5 


35-52 


35-5 


26-7 


1330 


Liquid: 1*33, Faraday. 


Chitomium .. 


•Or 


Cr 


52-5 


52-70 


26-26 


3-8 


7010 


7*01, Bunsen and Frankland. 


Cobalt .. 


^ 


Co 


59 


5907 


29-5 


3-5 


8510 


8-49, Brunner; 8-51, Berzelius. 


Copper.. 


On 


Cu 


63-5 


63-39 


31-75 


8-6 


8950 


8*95, Marchand and Scheerer; 8*93, Ec^p. 


Didymium .. 


Bi 


Di 


95 


• • 


• . 


* • 


• * 




Erbium 


Erb 


E 


« . 


• • 


. . 


. . 


• • 




Fluorine 


n 


P 


19 


18-70 


19 


• . 


. • 




Glucinum . . 


el 


Gl 


14 


• • 


• » 


2-2 


2100 


2*1, Debrav. 

19-34, G. Rose; 19*26, Brisson. 


Gold .. .. 


An 


An 


197 


196-98 


* • 


10-2 


19340 


Hydrogen .. 


H 


H 


1 


1 


1 


• • 


• 




Indium 


In 


In 


35-9r?) 


• • 


. * 


ft ft 


• . 




Iodine .. .. 


I 


I 


127 


127-08 


127 


25-7 


4950 


4*95, Gaj-Lussao. 


Iridium 


it 


Ir 


198 


197-44 


98-56 


4-5 


21800 


21*80, Hare. 

7*84, Broling; 7*79, Karsten. 


Iron .. .. 


¥e 


Fe 


56 


56- 17 


28 


3-6 


7840 


Lanthanum . 


i=& 


La 


92-8 


• • 


a ft 


J ^ 


. • 




Lead • .. 


9h 


Pb 


207 


207-47 


103-5 


9-2 


11390 


11-39, Karsten; 11-33, Kopp. 


Lithium 


Li 


Li 


7 


1308 


7 


11-9 


590 


0-59, Bunsen. 


Magnesium . . 


^ 


Mg 


24 


25-34 


12 


6-9 


1740 


1 • 74, Bunsen ; 1 * 70, Kopp. 


Manganese .. 


Mn 


Mn 


55 


55-23 


27-6 


3-5 


8030 


8*03, Bachmann; 8-01, John. 


Mercury 


»g 


Hg 


200 


200-52 


100 


7-4 


13600 


Liquid: 13*60, Regnault, Kopp. 


Molybdenum 


Mo 


Mo 


96 


95-53 


48 


5-3 


8630 


8-62—8*64, Buchholz. 


Nickel.. .. 


m 


Ni 


59 


5919 


29-5 


3-4 


8820 


8-60, Brunner; 8*82, TupputL 


Niobium 


Nb 


Nb 


94(?) 


• • 


« • 




• • 




Nitrogen .. 


N 


N 


14 


14 02 


14 




. * 




Norinm 


No 


No 


. * 


• • 


• • 




• . 




Osminm 


^s 


Os 


199 


199-13 


• • 




• . 


• 


Oxygen 


^ 





16 


16 


16 




• • 




Palladium .. 


Pd 


Pd 


106-5 


106-64 


• ft 


4-6 


11800 


11*80, WoUaston. 


Phosphorus . . 


P 


P 


31 


31-41 


31 


16-8 


1840 


Teliow: 1*84, Scliiotter; 1-83, Kopp. 


Platinum . . 


¥t 


Pt 


197-5 


197-44 


98-5 


4-6 


21500 


21-5, WoUaston, Berzelius. 


Potassium . . 


K 


K 


39 


78-47 


39 


45-6 


860 


0-86, Gay-IiURsac and Thcnard. 


Bhodium . . 


«h 


Rh 


104-4 


104-48 


• ■ 


4-7 


11200 


11-0, WoUaston; 11*2, Qoud. 


Bubidium . . 


Rb 


Rb 


85-4 


m • 


» • 


ft ft 


ft ft 




Buthenium . 


4ki 


Ru 


104-4 


• • 


• ft 


• ft 


ft ft 




Selenium .. 


«e 


Se 


79-5 


79-37 


79-5 


18-4 


4280 


Amorphous: 4-28, Sohaffgotsch. 


Silicon 


•Si 


Si 


28 


44-51 


• ft 


11-2 


2490 


2-49, Wohler. 


Silver .. .. 


Ag 


Ag 


108 


216-29 


108 


10-2 


10570 


10-4, Karsten ; 10*57, G. Rose. 


Sodium 


nI 


Na 


23 


46-43 


23 


23-7 


970 


0-97, Gay-Tiussac and Thenard. 


Strontium .. 


«r 


8r 


87-5 


87-48 


43-75 


17-2 


2540 


2-54, Bunsen. 


Sulphur 


« 


S 


32 


32-17 


32 


15-2 


2070 


Tnmetric .* 2 * 07, Marchand and Scheerer, Kopp. 


Tantalum . . 


9a 


Ta 


137-6 


• • 


> * 


• • 


• ft 




Tellurium . . 


¥e 


Te 


129 


128-48 


129 


20-6 


6240 


6-24, BerSseUns; 6*18, Lowe. 


Terbium 


Tr 


Tr 


• 9 


• • 


• ft 


ft ft 


ft ft 




Thallium .. 


Tl 


Tl 


204 


■ ■ 


« ft 


ft ft 


ft ft 




Thorium .. 


Th 


Th 


• • 


• • 


• • 


• • 


• • 




Tin .. .. 


&n 


Sn 


118 


117-83 


59 


16-2 


7300 


7*29, Karsten; 7-30, Kopp. 


Titanium 


9i 


Ti 


50 


48-3 


25 


• • 


• • 




Tungsten .. 


W 


W 


184 


190-44 


92 


5-3 


17900 


17*2, AUen and Aiken; 17*5— 18*3, Wohler. 


Uranium .. 


«^ 


u 


120 


118-88 


60 


8-3 


18400 


18-4, Pf?ligot. 


Vanadiiun .. 


V 


V 


137 


137-32 


ft ft 


ft ft 


• • 




Yttrium .. 


¥t 


Y 


68 


• a 


• • 


• ft 


ft ft 




Zinc .. .. 


en 


Zn 


65-2 


6516 


32-6 


4-6 


7130 


7-13, Kopp; 71—7-2, Bolley. 


Zirconium .. 


«r 


Zr 


89-6 


67-26 


a . 


• . 


* • 
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The saooeedine tabulated form shows at one view where the ordinary snbstaaoesy not agreeing 
with the reqmredf alphabetioal order, are placed, and from what words their respectiye symbols 
are taken. 



AlfiTnininTTi 

Argentnm (silver) 

Arsenio 

Annun (gold) .. .. 

Barimn 

Bismuth 

Boron 

Bromine 

Oadminm .. «. •• 

Cttsimn 

Calcimn 

Carbon 

Cerinm « •• 

Chlorine 

Chromium .. •• .. 

Cobalt 

Cuprum (copper) .. 

Didjrmium 

Erbium .. 

Fermm (iron) .. /. 

Fluorine 

Gludnum .. «. 



Al 

Ag 

As 

An 

Ba 

Bi 

B 

Br 

€d 

Cs 

€a 

G 

€e 

a 

Gt 

Go 

€u 

Bi 

£rb 

Fe 

Fl 

ei 



Hydrargyrus (mercury) 

Hydrogen 

Indium 

Iodine 

Iridium 

KaUum (potassium) .. 

X/anthanum 

T.ithiT^w^ 

Magnesium .. .. «. 

Manganese .. ... .. 

Molyi)denum 
Natniun (sodium) 

Nickel 

Niobium 

Nitrogen .. .. .. 

Norium 

Osmium 

Oxygen 

PaUadium 

Phosphorus 

Platinum .. .. 
Plumbum (lead) .. 



H 

In 

I 

Ir 

K 

hn, 

Li 

Mg 

Mn 

Mo 

Na 

Ni 

Nb 

N 

No 

Os 

O 

P 



Bhodium 

Rubidium .. .. 
Ruthenium .. 
Selenium 

Silicon 

Stannum(tin) .. 
Stibium (antimony) 
Strontium .. .. 
Sulphur 

Tantalum .. .. 
Tellurium .. 
Terbimn 



Thallium .. .. 

Thorium 

Titanium 

Uranium 

Vanadium . . 

Wolfram (tungsten) 

Yttrium 

Zinc 

Zirconium .. 



Rb 

fin 

Se 

Si 

Sn 

Sb 

Sr 

S 



Te 

Tr 

Tl 

Th 

*i 

» 

V 

¥t 

Xn 

Hi 



Prefxes and Affixes, — Hypo-. This term is used to indicate that the substance to which it is 
sppliea contains less oxygen than the other substance from which the name is derived ; thus 
Hypcnitric add contains less oxygen than nitric acid, -ous is used to imply less oxygen than the 
termination, -io ; thus nitrotu oxide contains half as much oxygen for its nitrogen as nitric oxide. 
Many of the elements are capable of uniting with other elements in several different proportions 
to form chemical compounds. Sulphur, for example, is specially apt to form more than one com- 
pound with a single element. When sulphur unites with a metal, the compound formed is called 
a 8ulph»d^, just as a compound of oxygen and a metal is called an oxide, or one of chlorine and a 
metal a chloride, — the termination, -ide, which alwavs indicates combination, being added to the 
first syllable of the word sulphur, or oxygen, or chlorine, and the new word ending in ide being 
then connected with the name of the metal, a^ in the case of sulphide of copper. But when, as in 
the case of caldnm, there are several distinct sulphides, it is customary to disting^uish one from 
the other by means of various Latin and Greek prefixes. Thus the compound which contains one 
atom of sulphur and one atom of calcium is the proto-sulphide, or simply the sulphide of calcium, 
the prefix proto- being derived ^m the Greek word for first ; the compound which contains two 
atoms of sulphur to one of calcium is the bisulphide of calcium, from the Latin for twice ; and in 
like manner we have a tersulphide, containing three atoms of sulphur to one of calcium, and a 
quinquisulphide containing five atoms of sulphur. The compound containing the highest pro- 
portion of sulphur is often called the j^ersulphide. A good custom is to designate the compounds 
which contain more sulphur than the protosulphide by prefixes of Latin origin, and to distinguish 
those which may contain less sulphur than the protosulphide by means of Greek prefixes ; thus, if 
there were a compound of two atoms of oalcium and one of sulphur, it would properly be called a 
di-sulphide of calcium, the prefix being from the Greek 9is. The same prefixes are used in an 
analogous maimer in connection with Sie words oxide, chloride, bromide, iodide, and the similar 
words ending in ide, 

Blany modem writers on chemistry employ a notation which we append. Some of the symbols 
and contractions of this notation are embodied in the notation we have just explained. 

* One equivalent of oxygen ; — written above a symbol representing an element, and repeated 

to indicate two, three, or more equivalents; thus, Fe denotes a compound of one equivalent of 
oxygen with one of iron ; S a compound of three equivalents of oxygen with one of sulphur. 

' One equivalent of sulphur; — used in the same manner as the preceding; thus, Fe denotes a 
compound of two equivalents of sulphur and one of iron. 

A dash drawn across a symbol naving either of the fore^ing signs above it, denotes that two 
equivalents of the substance represented by the symbol are joined with the number of equivalents 

of oxygen or sulphur indicated by the dots or commas ; thus, Fe represents a compound of two 
equivalents of iron and three of oxygen, forming sesqui-oxide of iron. 

+ indicates, in organic chemistry, a base or alkaloid, when placed above the initial letter of 

the name of the substance ; as, M, morphine ; Q, quinine. 

— indicates, in organic chemistry, an acid, when placed above the initial letter of the name of 

the acid ; as, C, citric acid ; T, tartaric acid. 

Each symbcJ, when used singly, always indicates a single atom or equivalent of the substance 
represented by it ; thus, O 6tan£ for one atom or equivalent of oxygen, C for a single equivalent 
of carbon, and the others in like manner. A compound body made up of single equivalents of its 
constituents is represented by the two symbols of the respective constituents written side by side ; 

o 2 
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as, H 0, a oomponnd of one equivalent of hydrogen with one of oxygen, forroing wkter. To' ex- 
l«esa more tluin one atom or equivalout of a Bubatance, a Dniub«r is used, either prefixed to 
the HTinboi, oi, more commonly, written after it, below the line ; aa, 2 O, oi 0» two e^aivolentB of 
oxygen. 

A. BecoDdary compound, aa a calt, is indicated bj writing the aymbola of the oonatilueot com- 
poands one aftei another, with the sign + lietwecn them, the Bymbot of the base being always 
placed flret ; thus, Ca O + C O, represents carbonate of lime. A ooninift is frequently used instead 
of the sign +, commonly to express a more intimate union than would be exprofsed by that sign. 
The period ia also Bometimee uied to indicatea union more inlimale than that denoted by the sign +, 
but less so than that implied by a comma. A number written before the symbol of a compound 
designates a oorresponding nmnber of equivalents of that compound ; as, 3 S 0„ three equivalents 
of sulphuric acid. When the formula of the quantity contains soveral terms, those to which 
the figure applies are included in perentheees or hraoketB, to which the figure is prefixed ; u 
3(CaO + SO,), threeequivalentsof Bujphateof lime. See iBOHOKPmeii. Heat. EacrviLKsn. 

MOLECDLAB VOLCUB. 

ATTEMPEKATOB, in Bbewiho. Fb, Attemp^mtmr ; Gkb., Eint Vwricitang um eitu 
gUickmamge Tempentw lu hthtUten; ITAL., Segolatora della tamperatura ; Span., Btgulador d* 
inapfratura. 

The ftttemperalor invented by A. B. Walker is shown at A, Figs. 429, 480, sjid consists of a, 
reetangulM frame, in which a series of flattened tubes b, b, are ananged side by side, with spaces 




of about S in. between them. The spaces between the tubes are filled with spring-water, ice, or 
any freezing mixture of salts or aeida. At one end the tubes are connected by the pipe c, to the 
fan d ; at the opposite end they are connected to the pipe e which leads up to the fermenting-tuns 
/, branching off directly over each tun, and having a vertical tnbe g, pierced at the bottom with 
amall holes for the exit of air. The supply of air to each tnn ia regulated by the alide A, so as to 
suit thoprogressof the fermentation. Ae soon as the fermentation commences, and the yeeat begins 
to form on the surface of the wort, the tan is put in motion, and a current of air ia thos driven 
thiongh the tubes of the attempeiator, and canaed to pasa over the surface of the wort nutil the 
fermentation is oompleted. 

This atmospherio attemperator has been applied to tbe manufacture of melt, so that malt may 
be made in summer aa well as m winter. Hitherto it has been impracticable to m^e malt in 
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tmna: b, pipes leading ftom the tttemperatw directljrthnnigh themKlttDg-room, & fav feet abofe 
the floor ; c c, flexible tubea attnabod to the pipes, 6, irith rase perfomted cap* at the ends. Whilst 
the malt is on the floor ia process of genninatioii, the temperature of the tDom is regnlated to 
thftt decree of temperature best suited for malting, bj currenta of attempemted air bom the 
altempemtor distributed over the surface of the malt on the floor. 

Fig. 132 represents the attemperator inTeoted b; Joshua Crockford, as fixed to a wooden mash- 
limwith sliding side^loors and fixed roof^ sooh as is largely used in Burton breweriea. Itooosists 




of a rirenlar venel. D, fixed on the top of the m&«h-tnn, this vessel oontsining a colled steam-pipe. 
and being fitted with suitable pEpes for conducting tile wort into and out of it. When it is deeinxl 
to taise the temperature of the math, the wort is drawn from the tnn W the pipe, A ; and the 
centrifugal pump, B, being set in action, it is raUed into the vessel, D, through the pipe, 0. 
There it is heated hy the action of the steam in the coOed pipes : and then It is led down through 
the pipe, E, to the central Tewel of the sparger, J, which distributes it over the goods. It will be 
noticed that the pipe, C, condnota the wort to the bottom of the vees^ D, whilst the pipe, E, 
diawB off the wort from near the surface, where it is of ooiuse hottest Toe pipe, F, U (or admit- 
ting the ordinary supply of iiot liquor to the ipargrr. 

So long as the pomp, B, is in action, a constant current is maintained through the g>odi, the 
wort being drawn off at the bottom, heated, and again sparged on the top coutinuallV' Sj the use 
of this attemperator, the temperature of the mash can be kept at any desired point for any length 
of time : and m the case of amall brewings, where the loss of heftt, from radiation and other causei^ 
is proportionately very great, it is particularly valuable. 

AlTIC. Fh., Grtnier, Mamardi ; Geb., Der Ueberaatz ; Ital., Attica ; BplH., Ban ttjado. 

See BciLDDia. 

ATWOOD'S MACHINE. Fa., atachine iTAlicood; Qeb., Atumd Maachine fOr Arueige Mft 
freian Fall der JCBrper ; Ital., JfoccAina ^Atunod ; Bpah., Maquina Attwood, 

Bee AOOZLEHATION. 

AUOER. Fb., Tariire ; GiB., Ziwmermann^iohrtr ; ItaL., Trivtlb ; SpAH,, Haladra. 

An auger is BD Instrument for boring holes, chiefly in wtrnd. It consists of a long shank or 
axis, having a cutting-edge at one end, and usually a handle placed crosswise at the other, by 
which it is turned with both bands. A pod-auger has a straight channel or groove like the half of 
a liean-pod. A icreic-auger has a twisted blade, by the spiral groove of which the chips are 
discharged. Peculiar augers are employed, termed jronnd-auflfrs, for boring artetian vilU, ta 
perforating soils or rocks ; instruments of this sort consist of a handle for working, a rod which 
may be lengthened as the perforation extends, and a bit, month, or cutting-piece, resembling the 
bit of a common auger, for soils or soft rocks; and a chisel fur harder rocks. A inl is a name 
common to all exchangeable boring tools ; for wood, bits are generally applied by means of a 
crank-formed handle, l^own as the carpenter's brace. The Bmaller tools used foi metal, and applied 
by the boa-drill, ratchet-brace, lathe. Or driHing-machine, are termed drills, or drill-biti. The parti- 
. cnlar names used to designate biti are, in most cases, derived from their forms and the purposes for 
which they are empbyed. For wood, bits termed sMMtft ace numeraus; the simpleat form la 



■hDwn in Tig. 433, wliich ia ihaped like k gofge, with the pieroing end sh&qieiied to a semiciranlM 
edge, foi shearing the flbrea Eirouiiil tho circiunferetioe of the hole. When la^e, tlw thell-bit ii 
tenaed a gouge-bit. Somstimea the piercing end is diawn to a radial point, &nd it ia then termed 
ft »poon-lnt, of which the oooper'a <^uW-6i( uid the iabit or /unuiurt bit are ezamplee. When the 
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md it bent into a aemidmulcur form horJEontall;, it is thon termed a duck-nost bit. The /xntre-bil, 

■hown in Pig. 434, is aoather typical fono, in which the end is flat, provided with a centre pobl 

or pin, filed triangohulj, which serves as a guide ; the centre-bit has aleo a aheartng-«dige, or 

nicier, serving to Out tho fibres _ 

round the margin of the hole, "" 

and a broad chisel-odfre, or outter, 

to pare eMaj snd remoTe the 

wood within the circle defined by 

the nicker. The plug caUre-bitj 

used ciiicfiy for making oounter- 

■inks for cylinder-headed acrews ; 

the bvtUm-lool, which retains 

the oentie-pin and nicker, 

is used for cutting out discs of 

leather, and of similar aub- 

atances ; the flute-drill, the cup-jby 

drill, the wine-oooper'a bit, are 

all modifications of the ':entri-bii. 

The half-romd bit. shown in Fig. 

435, ia emplojred ia enlarging 

holes in metal, and is nsually 

flzed verlicaUy, or worked by a 

lathe. The cutting end of this 

bit is groond with an inclined 

plane, from 3° to 6° from the 

perpendicular, aocordiuK to tho 

hardness of the metal to be bored. 

The roK-hit is shown in Fig. 436 ; p I O I -j— 

it ia cylindrical, and terminatea \. . ■. ..i.L_ 

in a truncated cone, the oblique I 

BurfooQ of which ia cut into — -^ 
teeth- like the rait-cotintersirik, 
of which it ia a modification. 
The roae-bil ia often used for 
enlarging holes of conaiderable 
depth in metals. 

Figi. 437, 438, 439, 440, 441, refer to Bausom Cook-a machine for turning the lips of augets. In 
using this machine the oam-lever c is Aral raiaed to nearly a vertical position, thoa allowing the 
clamrn 6 to open. An auger or bit, with tho lips shaped, aa shown in Fig. 441, being red-hot, ia 
placed in one of the crimptng-dies a, with tho Jipa projecting beyond the die, and towards the 
wrench, Figa. 437, 438, The upper end of the cam-lever is then brought quickly down, thus 

r — i__*i....i. : — .-__j,_ .. ... ■; between the two dies. A 

le hub of tho wrenoh-wheel 
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d into an embraoe with the end of the anger,,the centre of which enters the hole in the wrench, 
while the lips pass into the slots on its side. One of the handles of the wrench-wheels is then 
seized by the operator, and turned towards himself, when the wrench, keeping the auger straight 
by means of its hold of the centre, turns or bends the lips into the desired position, both being 
turned at the same time and to the same angle, 44a. 

while the shouldexs of both are left in the same 
line. 

Grier and Boyd's machine for nutlring auger- 
bits is shown in Fig. 442. The reyolving and 
longitudinally-moving shaft L B, has a recess 
in its end for holding and twisting the blank, 
in connection with a series of dies arranged to 
clasp and hold the auger as fast as it is twisted ; 
thus completing the process in one operation. 
The rotating-shaft B has a hole in it made 
longitudinally, of proper size and form, to re- 
ceiye the blank and hold it while being twisted 
and drawn out. The tongs L, having suitably 
constructed jaws, act in combination with the 
shaft B. G is a screw so arranged as to impart 

to the shaft B an intermittent longitudinal 1 lo i |q | loi 

movement during the operation of twisting the L" 

blank, so that both twisting the blank and 
setting the Upa are done in one operation. u 

Fig. 443 represents a machine for swaging the heads of screw-augers, invented by R. Jennings. 
The jaws of the gripping-dies are arranged vertically — one stationary, and the other movable ; 
their faces grasp the twisted auger, and present the upper end to a hammer, which swages the 
points and lips at one blow. The heading-die is operated by the rotating-shaft B, through the 
medium of the loose driving-wheel £, provided with the pins g, the sliding-wheel F, plao(3 on a 
sliding-rod H, and the fixed inclined lip a. The forming-die consists of the portions L L I), con- 
structed and arranged as shown in Fig. 443. The heading-<lie D, mould L, toggle M, and 
operating mechanism, are so arranged that the driving-shaft B may, at the will of the operator, be 
connected with, or diMonnectedfrom, the continually rotating driving-wheel £. 
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Fig. 444 illustrates the principles upon which a simple and ingenious machine, for forming the 
twist of auger-blanks, is constructed. Thia device, patented by Mary Tower, consists of a series of 
pairs of circular metallic plates, G, K, superimposed on each other, each plate having a peculiarly 
shaped mortice through the centre, and provided also with projecting and overlapping studs upon 
its periphery. When these plates are arranged in certain positions, the central mortices correspond 
with each other, and admit the flat bar of metal, previously heated, of which the auger is to be 
made ; the upper plate is then turned round, with a continuous movement, until each plate has, 
by means of contact of the projecting studs with each other, been forced to assume the position 
required for imparting to the metaJ the necessary twist. 

Jennings' double-twisted pod-auger is shown in Fig. 445; this instrument has two floor-lips 
B, B, which project beyond the positions in which they have heretofore been placed ; and the spur 
fl, instead of bemg situated at the outer front comer of the cutting-edge of the floor-lip, where the 
latter, from its necessary tbinnftg«^ is wei^est, is projected from its hinder part, or heel, where it 
is strongest. A new relation between the cutting-edge of the floor-lip and the spur is thus 
efTeoted, so that the one does not interfere with the operation of the other. Hence the cuttmg- 
edges of a double-twist auger-bit are so formed, that the cutting-edges of the scorers and chisel do 
not intersect the worm or helix of the shaft A at the same point. 
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The ship-anger, ahown fn FigH, 44S, 447, luu the cutting portion B of tbe anger attached to tha 
■creir portion by means o[ a Joce-tail notah, formed br tlie Bhoolder b, inclined and d, dowel /, and 
■orew B, This method of oonetniction was inYsnted by J. W. Hoagland. 

The expanding auge>bit of L. H. Gibbs la shnvu in Figs. 448, US, 450, 451. In tbia iDatn- 
ment the {^te B ia received into the Blot D in the auger A : and by inserting the lower pin g tato 
one of the Beries of holes in the plate B, the cutting-lip j on the piste B can be eet further out or 
in, 80 as to bore larger or unaller holes. This invention oonsiata of the adjustable plate B, with 
the rib d, lip ;', index boles c, c, c, c, in B, oombined with the anger A, with slot D, tapering-pini 
^, jf, and aet-acre^ A, aa shown in the flgnrea. 




r 



Fies. 452, 453, illnstrate C. W. Cotton's method of securing angers to bandies by having a 
metallic tube B placed aronnd the centre of the handle, a transverse reetangidar taper-hole a, 
made through the handle and tube, and a metallic band C, placed around the tube B, and tuning 
loosely on it ; the bend C having slots c d, nuule through it, a part of the slot d being taper ; thm, 
the shank of the auger being placed in the hole a, and through the slots cd ia the b^d, the shank 
is secured to the handle by turning the band, whiob causes the edges of the taper portion of the 
elot d to pees into the notches /, /, of the shank. 

F^. 454, 455, 4S6, 157, represent a gimUt or anger handle, invented b^ G. H. Talbot. Thl* 
inventor does not claim the method of giving a revolving action, in either direction, to the boring- 




tnol bjr reversible pawls and ratchets, as such arrangement is common to drill-ttocla. His 
invention consists in forming gfmlet or auger handles so Intemallv arranged, that when the 
pressure of the band is applied on both sides of the axial lino ot tbe bit, and under the nsu^ 
clutch of the band over the centre line, the accompanying devices present no obetructian, but ars 
protected from injury or derangement, as shown in Figs. 456, 457. 

A mode of securing brace-bits in their sockets, proposed by E. W. Nichols, is shown in Fig*. 
458, 459. The bit K is represented as being fastened to the stock S. To looeen the bit, the nut a 
is turned, thus screwing down the shank of the spring, until the projection B of the spring spring* 
beck into the recess o. in the slock, when the bit may be drawn out. The pin g enten a groove in 
the outride of the nut a, which serves to confine a to the end of the itook. 
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Fig. 460 abowB t, eroimd-suger, Invented bj David Biag. It conaiBtE of tiro •emidroular dbce, 
D &Dd B, of steel, each fumiBhed at the ends u its straightedge with outterH R and }, one pointiag 
upwards, the other downwards. The cutter can be eipacded b^ meanii of slots / in the discs, 
through which the confirnDg-BcrewB are passed into the cutter-beads at the bottom of the shaft ; 
the latter is funmhed with a gimlet-point, to facilitate its entrance into the eartb. 

Fig. 461 repneents a hollow aoger, invented bj Wf ohoff. The cutters A A are each only half 
the width of the kerf; and are prorided with two or mote projecting CDtting-pointa C aiid D, 
H> arranged as to cut in parallel but oanoentric planes. 

Another hollow auger, invented bj J, UcClure, is shown in Fig, 463. In this the cutlers can 



be adjusted to different sizea of tenons hj means of inclined cntter-beaiing pteoee, sliding upon 
inclined auppDrting-pieoeia //. It ii wed in oombiiuitioD with a receding centre ft. 




Fig. 462 shows a tool for finishing angors, invented by R. Jennings. It consists of a wheel or 
burr, having a bevelled surface a on one side, and a semicircular edge, corrugated to form a series 
of cutters b, which have a radial or nearly radial podtiott, aud uitcnd Crom the inner edge of a to 
the outer edge of the same. These cotters are placed entirely around the semicircular periphery 
of the wheel, and act in combination with the ooncBvo aoriace c at the opposite side of the wheel. 

Fig. 464 represents an auge * ■■.""■- ™ . ,.- - _ i_ 

having the cutting fioor-lipa s< 
obtuse angle with the axis of the auger. 

The auger invented by E. C. Gillatt consists of a oam-aleeve C, Pig. 4Gfl, in combination with a 
slotted shaft O and the flat, notched shank d of an auger B. It is so arranged, that the shank of 
the auger will slide into the long slot in the shaft, tluough the cam-sleeve, which is then turned 
till it catches into the notches in the flat ghanlc of the auger, and holds it fast in the abaft. 

Hardening Sted-catting Tocii. — Any Bubstouce which combines chamicolly with iron will impart 
hardness to it; but the presence of carbon is required in order to prraiucB that peculiarity, 
softness after tempering, which we observe in so high a degree in steel. Other substances, wbicli 
have sufficient oobeaion, produce a similar, but weiAer, effect on iron tlian carbon; such are 
sulphur, or arsenic, and perhaps others r but no other subslanoe is more available and more perfectly 
suited for this purpose tnan carbon. When the difference between hardened and tempered steel is 
miued b; carbon or any other snbstance, in chemical imion in the hardened, and in mechanical 
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admixture in tempered steel, it ia evident tliat this condition mnst be dependent upon tempe- 
rature or other agencies. German steel manufactured at a high heat requires a white heat for 
hardening, and its carbon is so firmly united to the iron that this kind of steel may be welded to 
it with great facility. Refined shear steel, which has been much heated and hammered, will 
bear, next to German steel, the highest heat in hardening and welding. Ordinary cast steel will 
bear less than shear steel, and is welded with difficulty ; the finest cast steel will bear the least 
degree of it, and cannot be welded to iron by the common process. This shows that a large 
Quantity of foreign substances cause the steel to be more fusiole, and to bear less heat in har- 
dening. The degree of heat by which the chemical union of carbon and iron is accomplished is, 
therefore, not permanent ; it varies with the fusibility of the metal. This we observe as well in 
oast iron as in all other metallic alloys. The change in the constitution of steel may be produced 
at very low temperatures, indeed at almost any temperature. The finest edge and a high degree 
of hardness are produced by the mere hammering of steel ,* and, if the above theory of the consti- 
tution of hardened and tempered steel is correct, the mechanical mixture of carbon and iron in 
tempered steel is converted into a chemical compound by mere compression. We recognize this 
fact in drawing wire, sheet iron, or in hammering iron, or any other metal or alloy. In these 
operations a large quantity of heat is liberated by compression, which may in some measure 
account for the metamorphosis ; but we find that when the compression is very rapid, and brought 
about by great force, the phenomenon attending its application is similar to that of a strong heat, 
— the metal becomes extremely brittle. The best edge, and consequently the highest degree of 
cohesion and compactness in steel, is produced by striking a small bar of tempered steel with a 
small steel hammer, on a cold polished steel anvil, so as to avoid any considerable or perceptible 
increase of heat. If this operation is performed on a square bar of steel, by means of a hammer of 
the smallest size, of one or two ounces weight, and the comer of the steel thus compressed is 
ground down so as to remove the surface which has been touched bv the hammer, we obtain an 
edge which cannot be surpassed for fineness by any other means of hardening. This shows that 
hardening may be performed by a variety of means, and that heat is not absolutely necessary. 
The strong cohesion of the metal is the cause of this phenomenon ; and by whatever means we 
produce the close contact of the particles of metal and carbon, we secure hardness. These 
refiections serve to explain the manipulations which are employed in the manufacture of steel. 

The common means by which steel is hardened are well known ; these form no part of our 
investigations ; but we may remark here that it is not so much the degree of heat to which steel 
is exposed before chilling it, as the difference of temperature between the cooling medium and the 
heat of the metal, together with the heat-conducting capacity of the refrigerator, Ebcperiments 
have shown that little is gained by substituting other fiuids than pure water for hardening steel. 
This is an entirely practical operation : the temperature of water may be in all instances the 
same, and fresh common spring water, or river water, is as good as any other fiuid. But as the 
liability of steel to lose some of its component parts increases with the heat to which it is exposed, 
and as, near its smelting point, it assumes the nature of cast iron, it is found necessary, in order 
to preserve its original character, to perform the hardening operation at the lowest possible heat ; 
for these reasons, water as cold as possible is used ; and as, by plunging the hot metal into it, an 
atmosphere of steam is formed around it, which is a bad conductor of heat, either the metal or the 
water ought to be moved, to expose the hot metal to renewed action of the cold particles. The appli- 
cation of acids or salts for hardening is injurious to steel, however good conductors of heat such 
solutions are. Some of the fiuid will always penetrate the metal and cause its decomposition. The 
use of oil or fat for this purpose is, if not equally prejudicial, at least of little benefit. That fiuids 
penetrate metals, and particularly iron, is snown in wire factories : when iron wire is cleaned, after 
annealing, in diluted sulphuric acid, which is, by neutralization and washing, as far removed as 
practicable, it retains always some of the acid, which causes the wire to be brittle when fresh. 
An exposure of the wire to the atmosphere for some time removes the acid, and therefore the 
cause of brittleness. Wire thus cleaned by acids is often permanently injured in its strength, 
which does not happen with wire which is cleaned by the old method, with sand and water. 

Annealing Steel for Cutting-toola, — It has been recommended, and it is also practicable in some 
instances, to modify the heat of the metal and the cooling medium for hardening, so that the 
contact of the two produces the required degree of hardness. A uniform degree of heat cannot bo 
applied to all kinds of steel ; and since the mode and time of heating is also important, and the 
fluid refrigerator cannot be uniform in composition and temperature, it is easily understood that 
ibis method of hardening cannot be universal. The common mode, and perhaps the best one for 
hardening, is to expose the steel to such a degree of heat, and so to cool it in water, that it 
assumes the highest degree of hardness, and then temper by exposure to a moderate heat. 

A variety of means have been proposed for teinpering hardened steel, such as melted fusible 
metals, lead and alloys of lead, heated fat or oil. When we reflect on the nature of steel, we soon 
find that the various kinds require different degrees of heat, by which they assume a definite 
texture or hardness, and that neither a certain degree of heat nor a certain colour of its tempered 
surface will indicate the actual condition of the steel. The operations on steel are of so delicate 
a nature that they cannot be brought under general rules — ^they are entirely dependent on the skill 
of the practical man ; no language can impart that information which is applicable in all cases. 
The following statements are for these reasons to be considered as relatively true, and not as 
generally applicable. 

Steel which has been hardened to the extreme should be exposed to a heat of 400° for chimr- 
gical instruments, such as lancets — ^it assumes then a faint yellow colour on its polished surface; 
to 425° for razors, which tempers it yellow ; to 432° for penknives, which it also tempers yellow ; 
to 468° for scissors and cold olusels— the colour is brown-yellow; to 490° for edge-tools and 
common cutlery— colour purple ; to 508° for table-knives— colour also purple ; to 5S0° for small 
Bpringsand weapons; to 537° for large springs, saws, augers — the colour is blue; to 580° for large 
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saws, the oolonr of which it tempera to dark bine ; beyond 600° steel becomes blaok, is ansealed 
and soft Steel which remiiree a high degree of heat for hardening, demands also more heat for 
tempering than that which hardens at a lower degree of heat ; and steel exposed to a tempering 
heat of a certain degree for a length of time, increases in softness, even when the intensity of heat 
is not increased. 

The colour of steel in the fresh fracture is white, like deadened silver. When tempered, 
it becomes more grey ; and when annealed, it is grey, but the intensity depends on the kind of 
steel or amount of carbon. In all cases, the hardened, as well as the annealed steel, should not 
exhibit to the eye, even when aided by a lens, any crystaUization. Hardened steel shows a Uttle 
higher lustre than annealed steel. In making these distinctions, we should always regard ham- 
mering as equal to hardening by heat and refrigeration. 

Steel is not very ductile. When cold, it wUl not bear much alteration of form, and when 
heated, it is, in some kinds, equal to iron. Cast steel will not bear much bending. German steel, 
ahear steel, and all kinds of hammered steel, are more ductile when hot than those kinds which 
have been less subjected to compression. 

The degrees of heat at which steel melts vary considerably : German steel requires the highest 
heat for melting — ^this may be about 3600° ; the best kinds of cast steel will melt at considerably 
less, or about 2800"^. 

Oxygen has little effect on hardened steel ; still, white cast iron, with much carbon, is superior 
to steel in resisting oxidation. The pure white colour of hardened steel, and its susceptibility of 
being oxidized when heated, cause the beautiful colours of tempered steel. When heated under a 
cover of oil, these colours do not appear ; or, when such coloured and heated steel is brought into 
an atmosphere of hydrogen, the colour also disappears. This shows that coloiur is caused by 
oxidation, and that, in tempering steel under a coating of oil, extreme caution is required to hit 
the proper point of heat. These colours proceed from a coating of oxide, which, in its extreme 
thinness, causes the yellow, and when thick, blue ; and finally, it becomes opaque and black. 
Acids facilitate the formation of these colours ; alkalies delay or prevent them altogether. Pure 
iron requires a higher heat, to show the same colour, than steel : the best steel, and also white cast 
irofn, show the series of colours at comparatively the lowest degree of heat. These tests may be 
arranged in the following order : — 

Very faint yellow, for lancets temp, from 400° to 430° Fah. 

Pale straw yellow, for razora and scalpels „ 430° to 450° „ 

Full yellow, for penknives and chisels „ 470° to 480° „ 

„ for cast iron 470° „ 

Brown, for scissors and chisels temp, about 490° „ 

,, for wrought iron 495° „ 

Bed, for carpenters' tools in general .. .. • temp. 510° to 520° „ 

Purple, for nne watch-springs and table-knives temp, about 530° „ 

Bright blue, for swords and lock-springs „ 550° „ 

Full blue, for daggers, fine saws, and needles temp. 560° 

Bark blue, for common saws temp, about 600° 

See Hand-tools. Ibon. Steel. 

AWL. Fb., Alene ; 6eb., Ahle, Pfrieme ; Ital., Lesina ; Span., Lexna, 

An awl is a pointed instrument for piercing small holes, as in leather or wood. The blade is 
differently shaped and differently pointed for different uses, as in the brad-awl, saddler's-awl, 
shoemaker's-awl, and so on. 

Fig. 466 shows the method of fastening an awl 
into the haft, invented by R. Egan. A metal 

socket-piece B forms the end of the haft A, to ^Jat^^EM 

which it is attached by means of a stout tongue -"-'^^ ^ T\ a^ A 

screwed into the hafk. This socket has an internal __ __ 
screw, which is formed to receive the threaded ^^ ^C 
shank of the awl G. 

AXE. Fb., Hachi ; Geb., Axt ; Ital., AccettOj Seure ; Span., Bacha, 

An axe is an instrument, usually of iron, with a steel edge or blade, for hewing and diopping 
wood. See Hand-Tools. 

AXIS. Fb., Axe ; Geb., Achse ; Ital., Asse, 

The straight line, real or imaginary, passing through a body, on which it revolves, or may be 
supposed to revolve, is termed an axis. See Meohanical Powebs. 

AXLE-GREASE. Fb., Graiise cTesaieu; Geb., Lagersohmiere : Ital., UrUwne; Sfan^ Graaa^ 
6 gordura pora eje. 

See Antifbiction Metal. Pmotion. 

AXLES. Fb., Easieu; Geb., WeUe; iTAL^Sala; Span., Ejs, 

AXLBB AND AXLE-BOXEB. 

An axis or axle-tree is a transverse bar or shaft, connecting the naves of the opposite wheels of 
a oar or carriage. Railway axles are termed leading and tracing, from their position in the front or 
in the rear of a car or truck, respectively. The journal-box of an axle is callod an axle-hox. 

Thomas Thomeycroft, in a paper read before the Institute of Mechanical Engineers, considera 
an axle as having certain relations to a girder in principle. Girders generally have their two ends 
resting on two points of support, and the load is either located at fixed distances from the props, or 
dispersed over the whole surface : just so with the axle ; it has its points of support and its losiaed 
parts : but it is not clearly evident which are the loaded parts and which the props. It is found 
that the inclined surface of the wheel-tire ranges from 1 in 12 to 1 in 20, and, consequently, 
the direct tendency of tiie wheels under a load is to descend that incline, so that every vertical 
blow which tiie wheels may receive is compounded of two forces, namely, the one to crush 
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the wheels in the direction of their vertical plane, and the other to move the lower parts of the 
wheels together : it will be seen that these two forces have a direct tendency to bend the axle 
somewhere between the wheels ; should that yielding, or bending, extend no farther than one-half 
the elastic limit, if long continued, fracture will ultimately take place; but should the elastic 
limit be exceeded, the axle takes a permanent bend, the wheels are then diverted from their 
vertical plane, and, as a matter of course, leave the rails. To demonstrate this, an axle reduced 
in the middle to 3J in. diameter was placed upon two props 4 ft. 9 in. apart, and loaded in the 
middle : the utmost of its deflection, without a permanent set, was '232 in., the load carried 7 tons. 
An axle reduced to 4 in. in the middle*^ was then placed upon the props 4 ft. 9 in. apart : its utmost 
deflection, without a permanent set, was -281 in., the load carried 9 tons. Another axle, but 
parallel, 4,^ in. diameter, was next placed upon the props 4 ft. 9 in. apaft : its utmost deflection, 
without a permanent set, was '343 in., the load carried 14 tons. Hence, by reducing an axle of 
4tV in. diameter in the middle to 3f in., its limit of elasticity is reduced from '343 in. to -232 in., 
and the load required to produce that elasticity ia from 14 to 7 tons. Fig. 467 shows the poeition 
of the wheels to the rails when the bending of the axle has exceeded its elastic limit. 
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To ascertain what influence the reduction of an axle in the middle would have on its strength 
to resist sudden impact, compared to an unreduced one, an axle was made as r^resented by ¥ig. 
468, which shows the end A parallel to the centre 4^ in. diameter, and the end B drawn down 
from the back of the wheel towards the centre, where it is 4 in. diameter. The end A was sub- 
jected to impact— the relative position of prop and ram was the back of the wheel and the neck of 
the journal; this end received forty-six blows of the ram, and bent to an angle of 18°. The end B 
was then subjected to impact— the prop and ram in the same relative position, when it bent back to 
an angle of 23° with only sixteen blows of the ram, as shown by the dotted lines in Fig. 468. To 
ascertain what influence a shoulder behind the wheel would have on the strength of Sie axle at 
that part compared to one without a shoulder, an axle was out in two, Figs. 470, 471, the end E 
turned from the neck of the journal, leaving a shoulder •^th in. deep as a stop to the wheel ; and 
the end F turned from the neck of the journal to the same diameter, but no shoulder left. The 
end E was subjected to hydraulic pressure, the load being in a direct line with the shoulder, when 
it broke in two with a load of 60 tons. The end F was subjected in the same way to hydraulic 
pressure, when it bent into the form shown b^ the dotted lines with 84 tons. To ascertain what 
influence the position of the wheel in relation to the neck of the journal would have on the 
strength of the latter imder impact, a piece of an axle. Fig. 469, was prepared, with a journal 
taken down at each end, the end G keyed into a cast-iron frame, and the face of the frame in a 
line with the neck of the journal ; the journal was then subjected to the impact of a ram falling 
10 ft., when it broke off at the seventh blow. The end H was keyed into tne cast-iron frame in 
the same way, but with the neck of the journal projecting 1^ in. from the face of the frame ; the 
journal was then subjected to the impact of the same ram falling 10 ft., when it broke at the 
twenty-fourth blow. 

From these experiments, and from the acknowledged deteriorating influence of vibration or 
bending on iron, especially when continued any great length of time, it is Thomeycroft's opinion 
that neither shafts nor railway-axles ought to be reduced in the middle, but rather, if there is to 
be a departure from the parallel form, they should be made thickest in the middle, and thus 
effectually prevent any vibration or bending whatever. 

In the discussion which followed upon Thomeycroft*s paper, E. A. Gowper said that Thomey- 
eroft's conclusions were arrived at by experiment, unaided by theory. If A B, Fig. 472, is taken 
as the axis of a lailway-axle, A and B as the centres of the joumids, and G as the centee of one 
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wheel, we Bhould have the case of a girder weighted at A and B, and sapported at G ; the proper- 
tionate strength ought, therefore, to he as a triangle A C D, and a triangle BCD. Now if we put 
two of these triangles together, as at £ E, we shall at once arrive at the result that the strength 
of the axle should be uniform between the wheels, and consequently parallel, and from the wheels 
to the journals the strength should be as a triangle ; and if we had merely to do with a strain due 
to the weight on the journals of the axle, these proportionate strengths would be strictly correct. 
But we have to provide against the lateral strains, from the flanges of the wheels suddenly striking 
the switches and crossings in passing through them ; and this is so much greater than the mere 
weight on the axle, that it must be considered chiefly in determining the form of an axle ; if, 
therefore, the Fig. A C B D were reversed on itself, the outline thus given would represent the 
proportionate strength of an axle, as at F F, which is fully in accordance with the usual tapered 
form of axles. The actuai diameters can be easily arrived at, by taking the cube root of the width. 
J. Bamsbottom, in the same discussion, considered that whether in the case of axles or 
machinery of any kind, there must be an error in the proportions if any one could say beforehand 
at what point a fracture was likelv to occur. He could only conceive one instance in railway 
practice where axles should be parallel, and that was in the case where the forces were applied in 
a line directly parallel to the axle ; as at A A, Fig. 473. If a pair of wheels are running, for 
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instance, between rails converging to a point, the axle should be parallel, since the effect of the 
leverage is the same at all points B B between the wheels. But there is another and more 
xmportont force resulting from a lateral blow upon one wheel only, coupled with the load of the 
vehicle on the axle, the direction of which will be tolerably well indicated by a line G D, Fig. 47i, 
drawn from the circumference of the wheel on one side to the centre of the journal on the other 
side ; and if the line F F is drawn perpendicular to this, from the axle close to the wheel, it will 
represent the greatest effective leverage, tending to break or strain the axle at that point ; and the 
strain upon any other point of the axle may be found by drawing lines G G parallel to this ; in 
fact, the cube roots of these lines will give the diameter of the axle at the points where they fall. 

To obtain the advantage of the leJioulder 
at the inner side of the boss without weaken- 
ing the axle, A. Slate has suggested tiie 
introduction of a small shoulder inside the 
boss of the wheel near the outer side, see A, 
Fig. 475. The wheel has to be bored out a 
tight fi^ and forced on to the axle by a 
hydraulic press, but the first, 1| in. from the 
inner side, must be slightly coned, as shown 
at B, so as to remove the grip on the axle 
from the extreme edge of the boss, and 
prevent the tendency of the axle to break at 
that point. 

Fig. 476 1b a longitudinal section, and Fig. 477 a transverse section, of the axle-boxes 
employed on the North-Kent line. The top of ihe box is circular, for a peculiar arrangement of 
sprmgs ; the box is cast open-fronted, with a movable front A to attach by screws, a grease-tight 
joint being maintained by an elastic substance between. From this arrangement the interior 
of the box can be inspected, and a new brass applied, without lifting the carriage. The back of 
the box round the axle is cast with a round-CKlged projecting lip fi B. A plate of metal G G, 
with centre hole fitting the axle, is secured by bolts to the back of the box, with a piece of leather 
I> D, the orifice of which is enkirged into a partial pipe-form round the axle, to give increased 
bearing-surface. This leather presses equally on the axle and on the lip of the box, and thus a 
tight joint is maintained, which preserves the grease without overflowing above the level of the 
bottom of the axle. The bolt-holes in the metal plate are vertical and oblong, so that when the 
upper-bearing brass wears, and causes a corresponding wear in the plate and leather, and conse- 
quent leak below, the two latter may be drawn upwards to fit the lower part of the axle. At the 
top of the box there is a screw-tap E, for feeding, with holes through it to admit the ingress and 
egress of air. This tap serves to feed an upper chamber F, with holes to the axle as usual ; this 
tap also feeds the lower chamber 6, which, in addition, catches the grease that falls through from 
the upper chamber by the working of the axle. A piece of hard wood H is applied between the 
end <^ the axle and the front of the box, to prevent wear of the shoulder-colmr of the bearing 
brass. Two collars of light wood I, I, fioat on the oil or grease in contact with the lower side of 
the axle, and thus carry up the lubricating material, if it happens to be below the level of the 
axle. Figs. 478, 479 are a longitudinal section and back view, showing an upper and lower feed 
of an axle and axle-box. To retain the oil or grease, a conical metal spring G G is inserted in a 
corresponding drcalar groove at the back of the box ; by its elastic expansion it presses against 
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of loatber lining the groove, and thus fomu & tight joint The smttll end of the omtnl 
clips a leather pipe-collar D D, fitted on the axle, which oollar may either leTolve with the 
the imall end of the spring, or it may be fixed to the spring, and the axle rerolre within 
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show a longitudinal eeetian ood bach view of an azle-boi on a similar amuigement, in whiob a 
conical pipe of bloohed leather C, is secured to the hoi-lip by an elastic ring D D, similax to a 
keyrring, and dipped to th« axle by a tecond ring B B. Botti the spring ame and leather oom 
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wQ], bj OxtAt free nction, uooininodBte an j irre^irul^'' morament of the box, and prerent looM wear 
between the metal plate and leather. lu all muea where an; maturial oomea in ountaot with the 
WTolring aile, it ia BBsential that the Borface be properij amoothiid. that the prosnure be U light 
M may be convoniect, and the lubrication certain. Fig. 480, in additioQ to the aile-boi airanee- 
tnent, ahowi a mode of applying moTablo JoumaU to axle-amu, either new or old. Thua uie 
jonmalB A A, may be forged down to a taper, with the object of extending the distance of tha 
DeATing from the wheel, or of inoreaaing the diameter of the axle-bearing. The movable bearing 
B B, ma; be of wrought iron or of cast iron, well got up and aac-lmrdeiitd ; and manufacturers 
might be enabled to aapply cheaply a aaperior olaaa of axle-bosea and axle-bearing!. Thia 
- 'dbewelladar "' — — 
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If adapted to the hollow axle ahown in Figa. 482, 483, and it alao Mi«blea 




ronstmcloiB, at comparatively amall coat, to replace axles, when rendered nuBafe by long running 
and much vibrating. 

It should be romarked that it ia desiTable in all cases to got the axle-bouings aa long as ia ooa- 
Tenient, even when not required for bearing-emfaco, for the fntiowing reasons : — The points of the 
springs which euppoit the frames are at a coniiideraible elevation above the axle-bearing, and act 
with mischieyons leverage to tilt the axle-boiea laterally to the carriage, when the wheel-flanges 
strike the rail. It ia evident that unless there be eome nroportion in the length of bearing to tbo 
height of the spring, there will be a great strain upon the guards of the axle-boxes to keep them 
•tead;. 

The axle-box described above ia the first application of the principle of retaining the grease or 
oil, by closing in the back of the box. 

SbAy similar contrivances have since been bronght out b; various other persons for the pur- 
pose of retaining the grease in the axle-boica, but it appears that ttie original »>plication of 
the principle was due to W. B. Adama, in May, 1847. (Bee 'Proceedings oS tha Iiurtitution of 
Mechanical Engineers,' April 27, 1853.) There doea not appear to be very material variation in 
any of the Bubeeejuent plans. 

Aa to the practical mechanism for keeping out dirt and preserving the bath of grease, it mnst 
vary with circnmstancee. Many axle-boxes ore so close to the wheel^boases, that the leather pipe- 
43ollkr is the only practical arrangement ; and having come into general use, it is difficult to 
change it ; but W. B. Adams prefers the elastic metal collars, C C, shown in Figs. 478 and 482, 
pressing upon leather pipe-collars D D. 

The object sought is to form a tight joint between the box and the axle, which are both 
exposed to rough jolts and a tilting movement of the box on the axle; therefore the medium to 
form the joint shoold be flexible, and not liable to be put out of order. 

The mode of lubrication from above the bearing has one objection, in the liability to accident 
by dirt getting on the arm, and from the holes wasting a most important part of the bearing' 
surface ; but W, B. Adanw thinks it preferable to retain this arrangement, keeping the holes 
sniall, as it renders a security in case of any accident happening to the lower reservoir. 

Two fomu of journal are shown in the diagrams : one the double cone, Figa. 480 and 482 ; the 
other the ordinary cylindrical jonmal with coUars, Figs. 476 and 478. There is an advantage in 
the double cone with the small diameter in the centre of the bearing, that it has a tendency to 
cause the lubricating fluid to press outwards from the centre while in rapid motion. The cylin- 
drical besjlng between collars has also this disadvantage, that the box ia not kept in its position 
by gravity, but by a very small collar-surfac^ which, being vertical, does not retain the lubricating 
fluid so easily as the horizontal surface ; and, moreover, by its la^r diameter has a tendency to 
throw it off by centrifugal action. Where the boxes fit tightly to the guards, the oollar-boaruigs 
are frequently subject to rapid wear ; and lateral thrust is more destructive than the downwanl 
presanreof the load. The small rounded comers next theoollars, intended to prevent the "nicking" 
or breaking of the axle, are otlittlescrvicoto give the box a centripetal tendency. The cylindrirad 
bearing has the advantage, that the bearing-eurfaoe is not lessened by end play; and with the 
axle working in a bath of lubricating material, the oollars will at all times be safe. In either 
qase, of the cone or the cylinder, it is clear that the lubricating bath below will be the safest 
precaution against heating. As regards the strength of the axle, the ooned journal has the 
advantage by its gradual tapering form, supposing an equal amount of metal in both cases. The 
fitting ot the wearing bran to the journal is a matter of greater nicety with the oone than with 
the cylinder. With cylindrical journals the usual practice is, to make the bearing-btasa of oim- 
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riderabl? larger radina thitD the jonnibl, ao tlut It hem on k yen bduU soifaoe, whioli vean to a 
polub, nnd grodnall; oiteoda to the half diametar. In point of fact, nilire; bearingB are made 
to grind thenuelvea to a true fit or \rark, instead of being aoooiatelj ground and fitted beforehand, 
M is the case with nicer maohlnery. 

In the aile-boi, Pig. *8*, the M ribratea on a hinge, and is aecnied above bj a diao oi 
axis of the handle, engaging B recess on the npper edge of the box. The floor of Uu 
is inclined upwaidj and outwards, and has a looM 
perfomted fnune to hold the packing. In this 
arrangeiaeiit of J. Hontgomerj, showa in the 
figure, the lid A of the joumal-W C, is hinged 
below and secured by a handle B and jamming- 
etanb; 0' is the loose or hinged rack C^ame, placed 
inside the aile-boi 0. 

W. G. Craig, of Manchester, in « paper pub- 
lished in the 'Proceedings of the Initltntion of 
Mechanical Eng^eera,' obseiree that in axle- 
boiea the prlnoipal defect is in the scats for the ( 
gnn-motal oearings. These are arranged in vari- 
ous ways, but all involving expensive fitting of 
the bearings into their jJaoes to seourB tnem 
fconi getting loose, notwithstanding which they 
fluently turn on one side, as represented at A, in Fig. 185, and are also liable to drop out of 
their places entirely and remain in the bottom of the axle-box, eaoBing the joonial to oome in 
ooutaot with the oast-iron box, which i> socm destroyed, as in the eiMapLo shown in Fig, 486, 





which is cue out of a large nnmbet of similar cases. In many iniianoee the journals are com- 
pletely twisted off. These ooourrenoes necessarily cansa great delays to ttataa, and reqnire the 
carriage or wagon to be sent into the worhabopa foi repair. In order to prevent the biSsses from 
oomiiig oat of their places, the; are cast wiUi deep sides, and not unfreqneutly riveted to the 
axle-boias; but the consequence of this is, that when t)w brass warms, its sides grip the jonnial, 
and soon cause the bearing to heat. 

AQothor defect in axle-boxes is in the mode of lubricating, which tends to create the evil <^ 
hot journals before the remedy can act. This arises from the thickness of the metal that forms 
the seat of the bearing and bottom of the grease-chamber, which in many cases amounts, together 
with the bearing, to two inches thickness above the journal, and must be heated through by 
friction before the grease can be brought down to lubricate the bearing. In nmnoTous insbinces, 
from the metal becoming overheated, the grease is rendered fluid, and runs out and is wasted. 

Another disadvantage is that, from tho careleBsnesa of workmen, Uie holes for the passage of 
the grease throngh the axle-box and bearing are often not made to correspond, and the flow of 
grease to tho jonntal is oonaequcntly obstructed. It is also difficult to clean out such holes when 
required, to do which properly involves a coueiderable loss of time, and the evil arisins from not 
frequently picking them out is a total stoppage of the lubricating material, causing out journals. 

Another difflonlty is that of getting the grease to the back of the grease^hamber to lubricate 
the inner collar. This is now done by the greaser pressing back the gr««se with his knife, when 
time admits, and Is generally only imperfectly acoompljshed whilst the oarriages are temporarily 
■topped at a station. 



Fnriher, the niiniber of p«rti belonging to the axle-boxes now 
leather packing, and ao on, all involve eipeneive fitting, aud a 
placement. 

In the axle-box gresae-ooTers, agaEn, there is a oonatant rattling noise witti all iron covers that 
are witboat springs, and they often require repair ^m being nuule sligbt, and the htngea being 
straiaed; and with the aliding arrangement, the coverg gel Inet in tniiigit, and grit and other 
foreign matter then miles vith the greaae, and produces Lot axles, eitticr by eloppiDg up the 
liibrii»ting boles, oi by coming in contact with the joomal. An objection also to iron covere is, 
that dnring the summer months they quickly conduct the sun's heat to the grease and cause it to 
run to waste. 

Id the spring fittings, W, O. Craig states that all armnKements are defective where bolts, 
Dots, or screwed spring-clips are need fur fixing the spring to the axle-box, as these are not found 
enfScient to retain the spring in position in ordinary concussions, entailing the frequent loss of 
bolta and nuts, and at times of the whole spriog. It is also objectionalile for the endii of the 



spring to bear against fixed shoes bstened to the sole-bars, since the spring, on elongating, c 
the ends to mb hard upon the shoe, which wears a recess in it, and also wears the top plate oi lua 
spring ; the result is that a shoulder is formed upon the shoe, and in many instances the spring 



cuts the body of the shoe entirely away and bears upon the wood, as represented at B B, Fig. 
485, which is an exact copy of one of the many so found on the Manchester, ShelSeld, and Lin- 
oolnshire Railway ; in all such cases the spring is prevented from acting beyond the limit of the 
shoulder formed on the shoe. Amongst the methods adopted to remedy this defect, the spriog 
ends have been softened and bent downwards to fit the shoe, and the top plate of the spring has 
been thickened to allow for wear; the fonnei plan has been abandoned as inefficient, and the 
latter, which is now generally in use, is subject to the objection before named. 

The fiiilures of the axle-boxes, bearings, grease-covera, and spring fittings described above, 
involve a serious item in the working expenses ; and from his experience of the causes producing 
those foilnrea, W. G. Ciaig was led to ad<ipt the construclion of axle-lwx and spring flttiogs, which 
we shall now describe. 

The imptoved axle-box is cast in one piece to avoid all expensive fitting of leather packing, 
bolta, nnta, and so on ; the mode of lubricating through the axle-box seat by means of boles is 
dispensed with, and the lubrication is effected direct through the gun-metal bearing. All 
expensive fitting of the bearing is avoided by casting an oblong hole in the axle-box seat, to 
receive a projection C, Figs. *487 and 4SS, cast upon the top of the bearing ; these can then be put 





together as they come hrm the foundry, a slight looseness being of little consequence, since the 
projecting meee completelv prevents the oossibility of the bearing tuminfc on one sid^ aa at A, 
Fig. 485. This axle-box is also much lighter than the ordinary construction, and all bolts and 
nuts are dispensed with, eicoptiDg the two bolts that fasten the under-keep. 

The projection cast on the top of the bearing is made hollow, and. passing through the oblong 
bole in the seat of the aile-box into the grease-chamber above, supports either the cap of the 
axle-box, as in Fig. 487, or the under-side of the spring itself, as in Fig. 488. By this means is 
ensured not only the impossihility of the brass turning, but also the perfect lubrication of the 
journal through the large aperture in the projection, which brings the grease in direct communi- 
cation with it, BO that a very small increase of temperature is sufficient to cause its perfect lubri- 
cation. In this case the cast iron of the axle-box is never required to gpt hot in order to soften 
the grease, that being one of Ibe chief causes of hot ionmala. A furUier advantage obtained 
by the projecting piece on the top of the bearing is, that the brass may be made of a shallow 
form , so that it will never reqnire its sides to be reduced to prevent them from clipping the 

There have been many ingenious contrivances introdnoed, intended to obviate hot boxes and 
to save grease, by the employment of a leather valve, or some such means, placed al the back of 
the axle-box; but W. G. Craig's observations have fed him to the opininn that the evil of hot 
boxes does not arise from grit or sand entering from behind, but mainly from the defects in the 
bearing that have been referred to. True eonnomv consiBts in complete lubrication; and the 
projecting hollow piece on the top of the brass that has been described has an advantage in this 
respect, in affording a facility to the greasers at stations for pressing the grease down upon the 
top of the journal. 

In the greas&^vers, W. Q. Craig has adopted two plans to suit difi'erent forms oi springs. In 
the first, shown in Fig. 487, the cover D clasu the top of the axle-box, and prevents the admission 
«f grit, dust, Ac, which cannot be too carefuuy excluded from the top of the box. It is out with 
an oblong recess upon it, extending upwards, which receives the grease above the level of the 
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erMMMhsmber, and ta fitted with » wooden plug or plunger E, wenred by s chain to the waggon. 
Id place of the ordinary iron cover or eiide ; the grease Deing tbiu introduced Abgve the leiel of 
the grease-obamboT enauree the perfect lubrication of tbo whole bearing, being forced by the 
pressure of the plunger into tbe reoesaaa at the back of the braaa. Witb the ordinary axle-boxes, 
the ends of tbe joumaJa nearest tbe wheels are frequently found quite dry and cut, in consequence, 
it iB generally eupposed. of grit or duet being admitted between the bou of tbe wheel and the axle- 
box : but Craig coogiders that this mainly ariges f^m the difficulty of Bccnring a constant flow of 
rea«e through the inner greuw-bcile of the axle-box and brasa, the greaser being unable to reach 
gthat orifice in order to keep it clear. 

Tbe seoond modiflcation of improved grease-oover, shown in Figs. 4S7 and 189, U combined 
with an improved spring-fixing : a wronght-iron plate is employed, about -fiiiba in. thick, and of 
sufficient eize to project over the aile-boi top about ) in. all round ; an opening is made in the 
piate to admit the grease, and two other openings to receive tbe ends of the spring-clip F, to which 
tbe plate is secured by a colter. On the top of the plate is fixed a piece of wood, about I in. thick, 
on which is screwed an oblong canting, Bimilar to the oblODg recess in Fig, 4ST. having a wooden 
plug £ to St the opening : the advantage of this anangement is, that this portion of the greaae- 
cover can Ijo replaced when broken, without having oocaaiou to lilt the waggon. 

The improved epring-iiiing consists of a simple and cheap oontrivaooe in oombinatlan with tha 
axle-box ; a piece of iron F. ) in. thick, and the same width as Che spring, is simply bent over tbe 
spring to form a clip. Fig. 489, allowing the ends to project to form ootter-holes, and to fit into the 
cover of the grease-chamber. Two cotters fasten the clip tightly to tbe spring, and are out so as to 
correspond with tbe length of the grease-chamber, by which means they are prevented from getting 
loose. The cotters form the two sides of an oblong recess on the under-tdde of the cover, and 
receive between them the projecting hollow piece C on tha top of the btasa, as in Fig. 488. A 
piece of wood or india-rubber u inserted between the under-side of the spring and the top of the 
projection C, to form a cushion tor the spring. 

A modification of the improved spring-fixing, for application to existing stock, is made by fixing 
two pieces of iron, about 2 in. wide, and the length of the width of the spring, and about Itha in. 
thick, by means of the bolt through the centre of the spring : on each aide of these piece* la fixed 
a welded hoop of iron, 1 in. by } m., as a snpport for the centre of the apring, in addition to the 
ordinary small rivet passing through the spring, and a eorresponding reoeai is made on the oost- 
Iron cover of the groaae-chaniber. 

The fittings at the ends of the springe are improved by making the shoes G G, Figs. 490 and 
491, to slide on a metal bed H, about j in. thick, and of sufficient length to allow of the play of 
the spring with the sliding-ahoes attached. 




The plate H is fixed on the nnder-eide of the sole-bar, materially strengthening the waggon, 
and the sliding-shoes have grooved sides to secure them to the plate. The spring is oonoected to 
the shoe by a bolt passing throngh the side cheeks of the shoe and tha spring-eve, the object being 
to retain the epring attached to the waggon, when tbe jonmals require examination, thua saving 
oonsiderablo expense and time in lifting. 

The slidlQg-shoe maintains the perfect action of the q>ringa, and their working la, in oon- 
■eqneuos, so easy, as to be almost equal to that of a first-claas carriage fitted with scroll-iroui, if 
the same length of spring is used in each. 
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AXLE-BOX. Fb., Boite h graisae; Geb., Scfmierbuchae ; Ital., Serbatoio deWuntume; Span., 
Caja <UU eje. 

An axle-box is the journal-box of an axle, especially a railway axle. See Axles. 

AXLE-TREE. Fb., Tourilhn; Geb., WagrtMchse; Ital., 8aia; Span., Fje. 

An axle-tree ifl a fixed transverse bar of wood or iron supporting a carriage, on the rounded 
ends of which the opposite wheels revolve. See Axles. 

BABBITS METAL. Fb., M^tal de Babbit ; Geb., Babbifs Metatt; Ital., Lega Babbiti. 

See Allots. 

BACK. Fb., Arriere ; Geb., Bucken ; Ital., 77 dietro ; Span., Atms, 

Back. — Of a hand-rail or rafter, the upper part. Of a stone, the part opposite to the face. 
When the stone is used as a facing to a brick-wall, it is squared at the back ; but if the wall is 
built of rubbi€ work, the back of the stone is left rough, as it comes from the quarry. 

Back, in Brewing, — See Spabgeb. 

Back-flap. — A leaf hinged to a window-shutter, in order that the shutter may fold back to 
enable it to fit into the side-boxings. Back-fiaps, in the best work, are framed in panels, but in 
inferior work they are formed of one piece ; in either case they are made of less thickness than the 
shutter, usually an inch when the latter is from 1^ to 1^ in. 

Back-day is a term applied to a day, the wages of which are usually kept in arrear. If the 
workmen are paid on Saturday, their wages are made up to the previous evening. When a work- 
man quits his employment, he is said to take his ** back-day,'* that is, to require his account to bo 
closed. 492. 

Back-hearth, — ^The part under the grate, of a stone or an iron hearth to a 
fireplace. 

Back-joint. — That part of the back of a stone step, dressed to fit into the 
rebate of the upper step, as a a. Fig. 492. When there is no rebate, the part 
of the under-side of the step, dress^ to fit over the edge of the lower step, is 
called the back-joint. It is usually from 1 to 2 in. wide. 

The term is also applied to the part of the back-edge of a landing or step against which a wood 
or paved floor abuts, and which is dressed to make a close joint. 

Back-lining of a Boxing. — The piece of framing which forms the back part of the boxing. It 
should be tongued to the architrave grounds at one edge, and to the inside lining of the sash-frame 
at the other. * 493, 

Back4ining of a 8cuh-frame. — The part of a cased sash-frams 
next the wall, opposite the pulley-stile. 

Back of a Window.—The part between the sill of the sash- ^ ^' ^^^*^ 

frame and the floor. When this part is recessed into the wall, 
the sides are called elbows. See Fig. 493. 

BACKER. Fb., Ardoise a dossier ; Geb., Untenchiefer ; Ital., Lavagna streita. 

A narrow slate laid on the beck of a broad, square-headed slate, at the spot where a course of 
slates begin to diminish in width, is called a backer. 

BACK-LASH. Fb., Jeu ; Geb., Todter Gang, Spielraum ; Ital., Betrocolpo, 

See Reaction. 

BACK-LINKS. 

See Paballel Motion. 

BACKING. Fn.,Bemplage;GER,jFiillung;TTAh.^Bipieno;^VA}X.,Bipio, 

Backing is the hearting or internal mass of a wall faced with material of a superior quality. 
The filling over the haunches of a vault or arch is also termed the backing. Filling with earth or 
other material behind a wall to strengthen it against heavy shocks, as behmd a sea-voall or between 
the walls of a traverse^ is termed bac&ng up. 

Backings are slips of wood, fixed against rough walls, to which are attached wood linings or 
other finishings. See Gbounds. 

BACKWATER. Fb., Eau dormante ; Geb., Stauwasser ; Span., Bemanso. 

Water held back in a stream or reservoir by some obstruction, or water thrown back by the 
turning of a water-wheel, is called backwater. 

BADIGEON. Fb., Badigeon ; Geb., Kitt aus Steinstaub und Gyps ; Ital., Stucco ; Span., Betun. 

Badigeon is the name given to any mixture for stopping holes in stone or wood work, for the 
purpose of hiding defects. The badigeon used for stonework is composed of plaster and freestone, 
well mixed and ground together. The badigeon employed for woodwork is sawdust and strong 
glue, or putty and chalk« 

BAG. 

A bag is a measure reckoned equal to a Winchester bushel striked, or 2150*42 cub. in. 
Twenty-five bushels or bags make a hundred, or ton, of lime. A bag of plaster of Paris is reckoned 
at 14 lbs., and eight bags equal a bushel nearly. 

BALANCE. Fb., Balance ; Geb., Wage ; Ital., Bilancia ; Span., Balanza. 

An apparatus for weighing bodies is termed a balance; in its original and simplest form. 
Fig. 494, it consists of a Wm or lever A B, suspended exactly in the middle, O, with a scale or 
baon of precisely equal weight, hung to each extremity A, B. 

In the balance. Fig. 494, where any two equal weights whatever, placed one at each extremity, 
are to be in equilibrium, it is requisite, first, that the balance preserve its eouilibrium when it 
carries no weights ; secondly, that the two arms be of equal length. For, let M, N, be the moments 
of the two parts of the balance, when it has no weights appended ; a, 6, the lengths of the two 
arms ; P, P, the weights which are in equilibrium upon it. Then, we must have M + P a = 
N -h P 6 ; whence, P (6 - a) = M - N. And, since the equation must hold, whatever be the value 
of P, we have, necessarily, M = N, a = 6. If either of the two specified conditions is wanting, the 
balance is said to be fake ; but it may still be made to serve justly to determine the weight. 

p 2 
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For the first defect is easily corrected, by giving an equipoise to the naked balance, through 
the addition, in one of the scales, of such a weight as will produce an equilibrium. The second 
defect is obviated by placing the body to be weighed, first in one scale and then in the other ; its 
just weight will be a mean proportional between the two 
difierent marked weights, that have served to balance it. 
For if the weight P, placed successively in the two scales, 
is balanced by the two weights Q, Q', we shall have 

lPx6 = 0'xaf» ^^®^*^» ^y multiplying these equations 

together, we have P' = Q X Q', and hence the weight of P 
becomes known in terms of the registered weights Q, Q'. 

There is also another mode of making a false balance 
serve exactly to ascertain the equality of two weights. This 
method, invented by Borda, consists in placing the two 
weights successively in the same scale of the balance, and 
counterpoising them by the same weight placed in the other 

scale. If the two weights have,* in the two successive (^ 

weighings, been in equiliorium with the same counterpoise, ■ ' i ^ » * ■ 

they are necessarily eoual to one another. Let the first *- 

weight be P, and let it be in equilibrium with the marked weight Q. We cannot conclude at once 
that P = Q, because we are supposed not to be sure of the justness of the balance. Let the second 
weight be P', and let this, also, oe in equilibrium with the same marked weight Q ; and here, too, 
for the same reason, we cannot say that P' = Q. But we may, with certainty, affiim that P = P'; 
because these two weights, being in equilibrium with the same marked weight Q, under the same 
circumstances, cannot but be equal. If P be a known standard weight, say of 100 lbs., and P' an 
irregular piece of metal, the weight of which was sought, then we know that P' = 100 lbs., without 
knowing the weight of Q. Since it is physically impossible to secure, with the utmost degree of 
nrecision, the perfect equality of the lengths of the arms, A O, O B, Fig. 494, and of the moments 
M, N, it will always be well to employ this method of two weighings, when it is wished scrupulously 
to ascertain the true weight of a quantity according to a given stand of weights. 

The first method gives also the relations of the arms of the beam to each other. The body to 
be weighed is placed on one of the scale-boards, and counterbalanced by marked weights ; let P 
be the weight thus obtained. The body is then placed on the other scale-board ; let Q be the 
weight necessary to produce equilibrium. If Q be equal to P, then it is exactly the weight of 
the body. If this be not the case, let x be the weight of the body to be weighed and a and 6 the 
lengths of the arms. In the first instance a?a = P6; [1] and in the second x6 = Qa, [2]. 

If these equations be multiplied member by member, and the conmion factors a and 6 can- 
celled, the result wOl be aj* = P Q, whence x = ^ P Qj [3] ; that is to say, that the real weight of 
a body is the geometrical mean between the weights found in the above manner. We obtain in 

addition, by dividing equation [1] by equation [2], the result — =-7v— , o' ij= tT' ^^ lastly 

a iJ P 

-r = — :=:', [4] ; therefore the arms of the beam stand in the same relation to each other as the 

^ VQ 

square roots of the weights which were placed at the extremities of the opposite arms. From 

ox o ^r 

the third and fourth equations can be deduced — = -—, or - = — . If , for instance, P = 1^*350 

6 Q ox 

and Q = 1^*362, then * = lk-35598, or nearly* = 1^-356, and % = -995594, or ^ = -996 nearly. 

6 

In order that a balance be just, it is not sufficient that the two equal weights are in equilibrium; 
but the inequality of weight must also have the power to overcome the friction of the fulcrum. 
For this purpose the beam must encounter no resistance in its revolution round the flLxed point, 
or there must be no friction between the beam 
and its supports; for any friction would neces- 
sitate an increased weight of the body to produce 
equilibrium. In exact balances, the beam is sup- 
ported, upon polished surfaces of Hteel or agate, 

oy steel blades. Fig. 495. By this means the fric- 
tion is reduced to a minimum. 

There are, however, other conditions which affect the accuracy of a balance. We have already 
said that when the beam is horizontal, its centre of gravity must lie in a perpendicular passing 
through the fulcrum. The centre of gravity can lie above, in, or below the plane formed by the 
edges of the supporting blades. In the first case, Fig. 496, the equilibrium would be unttabh ; 
that is, the more the beam is displaced from its horizontal position, the more the centre of gravity 
is deranged. 

In reality, the weight of the beam may be considered as applied to the point O, its centre of 
gravity. If this point, by a slight movement of the beam, be removed from its perpendicular to 
(}', it will continue to descend by virtue of the weight. This inclination to descend further con- 
tinues till the beam makes a quarter of a revolution round the axis of suspension O. In this case 
there would bo a fnisr balance. In tlie second case, the weight may be considered as applied to the 
axis of suspension ; the balance will then remain in equilibrium in all positions of the bc»m, provided 
the attached weights be equal. In this case the balance would be indifferent ; for the error would 
consist in a very small inequality between the weights, which inequality would be sufficient to turn 
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the beam ^ of a revolution. In the third case, on the contrary, the centre of gravity of the beam 
being situated under the axis of suspension, the equilibrium will be atabie ; that is, if the beam 
be deflected from its horizontal position, it will have a tendency to return, Fig. 497. 
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The weight of the beam may be considered as applied to the centre of gravity G. If this 
point be removed from the perpendicular to G', by a slignt movement of the beam, it will be raised. 
The force of gravity causing it to dedbend, the beam will incline to return to its first position, 
which it will retain after a series of oscillations. This third position is the one which should be 
adopted. 

The centre of gravity of the beam must not, however, be situated too far below the axis of 
snsjpension ; for we should then have a so-called inert balance. This is easily accounted for. Let 
A B be the points of suspension of the scale-boards, and let them bo placed in a horizontal line 
passing through the point of suspension O, or, more exactly, through the axis of suspension. 

Suppose a weight P be applied to A, and a weight P -4-/7 to B. Let q be the weight of the 
beam, which may be considered as applied to G. The excess of weight p applied to B will firstly 
lotrer the arm O B of the beam ; but if this excess be not too great, the beam will soon attain a 
certain position A' B', where it will finally remain in equilibrium after several oscillations ; this . 
position can be determined. 

If G' be the new position of the point G, draw the horizontal G' I, and the perpendiculars A' G 
and B' D. Considering the moments of the forces with regard to the point O, and taking into 
.accoimt the direction of the rotation which each force tends to produce, the result will be 

(P +i>) X O D = P X OC + <? X G'L [5] 

But A' O B' being a straight line, the same as A O B, and the arms A' O and B' O of the beam 
being equal, it follows that O C is ^ual to O D ; the terms P x O D and P x O G disappear from 
the above equation, leaving pxOu = qxQ'l. If 8 be the distance G O or G' O ; 6 the length 
O B or O A of the arm of &e beam, and « the angle B O B' or its equal G O G', then 

O D = 6 COS. « and G' I = 8 sin. «. 

The condition of equilibrium then becomes p b cos. m:^ q 9 sin. a, from which is deduced 

pb 
tan. a = "^ ; [6]. It is, therefore, evident that if the distance G O or 8 be too great, the value of 
qs 

tan. «, and consequently of «, for the same excess of weight p, might be very small ; the beam 

would then remain in equilibrium, in a position but little different from its primitive position, with 

which it might be confounded. The balance would, therefore, not be sensible enough. 

The angle a mav be regarded as the measure of sensibility of the balance ; it will increase 
as the weight q of the beam diminishes, as the arm 6 lengthens, and as the distance 8 from the 
centre of gravity of the beam to the axis of suspension becomes shorter. In precise balances, 
the distance from the centre of gravity of the beam to the axis of suspension can be changed by 
means of a nut £ moving up and down a screw, the axis of which is perpendicular to the direction 
of the beam. Fig. 495. The angle described by the beam is indicated oy a needle, fixed perpen- 
dicularly ; the end of this needle moves round a graduated arc. It is now evident that, by placing 
the points of support A and B in a horizontal line, passing through the axis of suspension, the 
sensibility of the balance does not become affected by the weight to be estimated. It is by virtue 
of this fact that the terms P x O D and P x O C alsappear from the equations of the moments. 
The case would be altered if the point O were above or below the horizontal A B : the lenj?ths O D 
and O C would then no longer be equal ; the weight P would remain in the equation, conse- 
quently the angle a, and with it the sensibility of the balance, would depend upon the weight of 
the scale-board!s. To diminish as much as possible the friction, the scale-boards are suspended by 
hooks resting on blades at the extremity of the beam, as seen in Fig. 494. 

The lever-balance, Fig. 498, is also a lever of the first order. The materials to be weighed are 

E laced in a scale-board, suspended at the extremity B of one of the arms of the beam ; and equi- 
ibrium is established by means of a slider A, which moves along the other arm. If the beam be 
suspended in such a manner that the friction may be omitted, as shown in the figure, and if the 
centre of gravity of the beam lie in a perpendicular from the point of suspension O, equilibrium 
will ensue when P is the weight of the materials to be weighed and p that of the slider, 

PxOB=j)xOA, whence P = p x Tr-rr . 

The quantities P and.O A bding constant, it is evident that the weight Q is proportional to 
the distance O M between the slider and the point of suspension. For convenience, the arm O B 
is divided into a certain number of equal parts, at each of which is marke<l the weight wliich pro* 
duces equilibrium when the slider is at that spot. This kind of balance has sometimes two rings 
for suspensioil, and consequently two corresponding systems of blades ; one or the other ring is 
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used, aooording to the nature of the substances to be weighed ; if these be light, the ring fieirther 
from the point B, to which the bcale-board is attached, is used. For heavy matters, the ring 
nearer B is employed. The arm O A, in this case is divided in two different manners. 
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Balance, Moment.— Axl apparatus invented by Didion to measure directly the moment of 
the weight of a ballistic pendulum with regard to the axis of suspension. This apparatus was 
adopted in 1857 for testing powder in powder manufactories in France. It consists of a bent lever 
BCD, Fig. 499, in which the arms C B and G D are equal, and form an angle slightly greater than 
a right angle. At the extremity B of one of the arms is joined, by means of blades, an incliif^ 
rod T, which can be fixed or jointed to the ballistic pendulum ; at the extremity D of the other 
arm is jointed, also by means of blades, a second rod, supporting a scale-board for the reception of 
weights. The bent lever rests at G upon a support M, which can be fixed to the structure oearing 
the pendulum. This support can be moved either in a direction parallel to the arm C B, or in a 
direction perpendicular to it, by moving the screws V or V. Let O A, Fig. 600, bo the perpen- 
dicular from the point of suspension of the ballistic pendulum, containing the centre of gravity 6. 
Suppose the straight line O G A brought to the position O G' A', forming an acute angle a ; a rod 
A' B, jointed at A' to the pendulum and at B to one of the arms of the balance, is placed perpen- 
dicularly to O A', and makes consequently an angle a with the horizon. The bent lever is so 
constructed that when the arm C B is placed parallel to O A', the other arm C D is horizontal, or 
the angle B C D is equal to 90^ + a. In the scale-board suspended to D a weight is placed 
sufficient to maintain equilibrium in the position just indicated ; this weight will give the weight 
P of the pendulum, applied at G', in relation to the point of suspension O. 

The theory of this apparatus is easily understood. Take, firstly, the equilibrium of the pen- 
dulum and the moments of the forces acting upon it, with regard to the axis through O. The 
suspension being effected by means of blades, the reaction of the supports may be considered as 
zero; there then remain but the moment of the weight P and the moment of the reaction B 
exercised at A' by the rod, in the direction A' B ; if we make O A = Xi and O G = /, we get 

P/sin. a = RL. [1] 

Take, secondly, the equilibrium of the rod A' B ; let R' be the reaction exercised on the rod, 
at B, by the bent lever, and let q be the weight of the rod, applied to its centre of gravity t ; if we 
move the forces B, R' and q in the direction A' B, we shall obtain 

R -f. 17 sin. o = R'. [2] 

Then the rod receives from the pendulum a reaction R equal and opposite to that which it exerts 
on the pendulum. 

Take, lastly, the equilibrium of the bent lever, and take the moments with regard to the axis 
through C ; the moments of the reaction of the supports may here also be considered as zero, as 
well as the friction of the blades at B and D. The moment of the reaction R', exercised at B, by 
the rod A' B, must be rendered equal to the sum of the moments of the weight p of the scale-board 
suspended at D, %nd of the weight » of the levers, applied to the centre of gravity g. If X be the 
length of the lever-arm C B, \' that of the arm C D, very little diflerent from A, and 9 the distance 
g C, the point g lying in the bisecting line of the angle BCD, then 

B,'\=p\' + ir9 COS. (45° + k «)• [3] 

By eliminating R and R' from equations [1], [2], and [3], and seeking the value of the 
moment P/, we find : — 

In the balance for moment, constructed according to Didion*s design, o = 5° 44' 21", whence 
sin. o = 0- 1 and cos. (45° -f J a) = 0-6708. Also X = A' = 0«-2, therefore P/ = 10 L (j? + 3-354 v «) 

This apparatus gives the moment P/ within at least one ten-thousandth of its value. But it is 
of the greatest importance that the arms of the lever be exskctly eoual, and that their length be 
known, for an error of one-tenth of a millimetre in one of their lengtns would give rise to an error 
of one five-hundredth in the calcalation of the moment sought. In order to test the equality of the 
lever-arms, the bent lever should be placed in two positions, so that each arm occupies alternately 
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a haruootal pautioD ; if tbu umi were uneqntJ, two different weigbta p and p' would be neceuuy 
to produce equilibrium in each ca»e. If this be the caae, Didion aubrtltutes for p, ,^'pp' '■ """^ *'''* 
rule, which is exact, when applied to Ihu commou balance, ie here only approximative. See "Ttaili: 
d'Artillerie,' pM Didion. 

A Weigkinii Machine ia a balance employed chiefly in shops, warehoiuea, and railways for weigh- 
ing heavy weighU. The beam ABC, Fig. fiOl. moves round ■ iioHzontal axin paeain)!; through 
O; at tbe extremity C is BUapended the scale-board in which the weight p, destined to produce 
equilibrium with the weight F, ia placed. Tbe weight to be detennined u placed on a horizontal 
plane D E. to which ia attached on one side a vertical partition E F, to ]>rotect the boilBnce from 
lujury ; this ia (kstened to a horizontal bar T, the end of which is shown in the figure, by oblique 
ban GG. T u impended from the short arm of the beam by a rod B; DEahio reata at I upon a 
luvc K L, movable at I and suspended by the rod L A from another point A of the tome aim of 




the beam. The lover part of the mach ne is enctoaed in a case, which is omitted in the fl^re. 
The lower stage M V supports the blade K upon which tbe lever K L turns ; and the vertical 
partition N Q supports the axis of suapena on of the beam. When there is no weight either upon 
E D or npon A c the point m, Sied upon tbe arm O C, must be exactly opposite tbe point n, fixed 
to the ^mine-work of the machine Aa this u in reality, seldom the caae, a small weight ia placed 
in tbe cup 1, suspended to C, till fn is opposite n ; this weight is called the tare. A weight to be 
weighed most be placed on D E : weights are then phu%d on the scale-board A c till the points 
m and a are oppoaite. The weight p tm the scale-board ia exactly a tenth of the weight P on the 
stage DE. 

In Pig. 602 this beJanee ia shown in its most simple form. Tbe dimensions of the different 
parts are aooh aa to produce the proportion OB:OA = KI:KL = l:». [1] 

The relation of O B to O C is geuerally ^. When the apparatos is set in motion, D H remains 
bomontal. If the points B and U are lowered a short distance A, by virtue of the above propor- 
tion the point A lowers itself n h. It will be the same with tbe point L ; consequently, in the same 
proportion, the point I wilt be lowered the distance A, like the point H ; and I U will remain 
boriiontal. The actual work ofFwiUbe + P^asthe stage is lowered A. But the point C will 
be raised IDA, aa 00= lOOB; tbe actual work of p will therefore be —lOph. The actual 
work of the reactions exercised by tbe points of support I K O is zero, if the friction be omitted. 
The other forces that Infiuenee tbe system are mutual, equal in pairs, and having opposite signs, and 
their virtual actions cancel one another in the summing up. There then remains V li —10 p A = 0, 

whence P= ttt- ^ reality, the four points A, B, C, O, Fig, 501, are not in the same horizontal 

plane ; but if they are projected on a horizontal plane passing through 0, as in Fig. 502, ABC, 



le TeaaoniDg holds good. 
The balance known as RobtnoFt £ 
for commercial purpoues since the last 
follows ■ "■ -"' 




is not a recent invention : but it liaa only been uset 

r three years. Tbe principle of this balance is a 

illows:— ABB'A'i Fig. 603, is a parallelogram jointed a' 

:a four angles. The vertical aides A A' and B B' and th< 

■idea A B and A' B' move round two pointa and O', situated m 

in the same perpendicular, and oonsequeutly parallel to the 
sides A A' or B B'. M is a point fastened to tlie side A A', 
and N a second point fastened to tbe side B B'. If the 
parallelogram moves, tbe side A A' will still remain ei^ual 
and parcel to 00'; it vritl also be vertical; all its pointa ' 
will therefore rise or fall the aame distance. The point H 
... . - ■■ -J, ii,a j^mg degree as the extremity I of the 

insequently tbe distances traven>ed in a vertin 
e points B and N also rise or fall in equal proportioi 
forces, P and Q, are applied, which produce equilibrium ; the sum of the actual work of these two 
forces must be zero, for tbe work of the reactions exercised by tbe axis at O and O' is zero, and tbe 
sum total rf the forces applied to the parallelogram must be zero in order to produce equilibrium. 
If a and b represent the distances traversed in a vertical direction by the pointa M and N 
respectively, or, what is the same, by the points A and B, we get P b = Q 6, whence -q = - ■ [1] 
In an infinitely small diBplacement, therefore, the points A and B describe small, similar arcs, 
proportional to their radii OA and UB; these small arcs, perpendicular to AB, make equal 
angles with the perpendicular ; their projections upon tbe perpendiciUar are, therefore, proper- 
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tional to the arcs themselveB, and consequently proportional to the radii. We get, therefore, 
= • - - , and, consequently, ^ = t^-t- ; [2] or the forces P and Q are in the same proportion u 



a 



if they were directly applied to the extremities A and B of the lever A B movable round the point 
O, but independent of the three other sides of the parallelogram. This conclusion holds good, 
whatever may be the points M and N, provided they are fastened, one to the side A A\ the other 
to the side BB'. During BobervaFs time, this conclusion appeared paradoxical, because the 
theory of the lever only was taken into consideration ; but, by applying the principle of actual 
work, the paradox disappears. 

When tMs principle is applied to the construction of a balance, the. relations are simplified by 
placing the points O and O', Fig. 504, in the middle of the sides AB and A'B'; then, in order 
to produce equilibrium, the forces P and Q must be equal. On the prolongation of the sides A A' 
and B B' the scale-boards for sustaining the material to be weighed and the weights to counter- 
balance it are placed. This species of balance offers the great advantage, that, the scale-boards being 
sustained from below, there are no suspending chains to interfere with the manipidation, as in the 
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ordinary balance. However, this balance has only recently come into use, because the friction 
of the iointH rendered it too insensible; before it could be used, means had to be devised to 
diminish this friction. It is done in the following manner : — The upper beam is suspended by 
blades in the same manner as the beam of an ordinary balance, and the sides A A' and B B' are 
also suspended by blades from the extremities A and B of tMs beam. But for the lower beam the 
arrangement is different. Fig. 505 represents the extremity of this beam seen from above ; n i» 
are two blades, inclined in contrary dilutions, their edges a b and c d are placed in a straight line 
in the lower plane of the beam. This extremity enters a stirrup, forming the lower end of the side 
A A', and which is represented in Fig. 506 in perspective, and Fig. 507 in plan. Its lower cross- 
bar is a blade, the edge of which, 6 c, is turned upwards ; the two prongs m and nk' are so arranged 
that this edge is on the outer side at m and on the inner at m'. When the end of the beam is in 
connection with the stirrup, the edge a 6 of the blade n rests on the outer face of the prong m, the 
edge cd of the blade n' rests on the inner face of m', and the lower face of the beam rests on the 
edge & c of the bl$ule forming the cross-bar of the stirrup. The edges of the three knives tlius 
form a prolongation of each other, and each bears on a corresponding plane. It follows, that in 
all jjortions of the parallelogram the contact takes place along this same edge, which thus forms 
the axis of articulation, without producing an appreciable amount of friction. The opposite end 
of the beam is jointed in the same manner to the stirrup, which forms the lower end of the 
side B B'. At O' the jointing is of the same nature, with this difference, that the stirrup is 
fixed. This syste.m of jointing gives to the parallelogram the desired sensibility. The lower 
beam and the greater part of the lateral sides are generally concealed by the body of the balance, 
as 8ho¥m in Fig. 508. The conditions of stability and sensibility are otherwise the tsame as in the 
ordinary balance ; " the centre of gravity of each 508. 

beam, and particularly of the upper beam, must 
be a short distance below the axis of suspension 
of that beam. 

Weighing Machine, Self -noting. — This ma- 
chine consists of two scale-boards, so balanced 
that directly they have received the required 
weight of material they tilt over and empty their 
contents. The grain, or other materisJ, to be 
weighed, is alternately put into one or other of 
the scales by means of a movable trough fixed on 
a perpendicular rod between the two scales. 

Exactly above the middle of both scales there stands between them a saddle, upon which the 
grain falls in the first instance. According to the position of the movable trough, the grain falls 
into either of the scales. Suppose, for instance, that both scales are empty, then the trough, by 
means of an internal arrangement, conducts the grain into only one scale. Just before one scale 
has received tlie requisite weight of grain, it sinks slowly, pressing upon a lever inside the stand ; 
this lever slowly turns the trough towards the other scale, so that only a small portion of the 
grain faUs into the full scale. 

When the first scale has received its full weight, it tilts out its contents, and at the same 
moment the trough turns completely into the other scale, which soon fills, while the other one 
rises. In this manner the weighing goes on without intermission, the machine registering the 
amount weighed. 
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Fig. 509 represents an assay balance of great delicacy and precision, with the glass case enclosing 
it. In front, and slightly projecting from the stand, is seen the end of a lever, oy means of which 
the beam can be raised in order to relieve the knife-edged fulcrum, upon which it rests, from 
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fatigue and wear when the instrument is not in use. At the upper part will be observed a small 
mechanical contrivance resorted to by some makers, though not in general use. In front of the 
beam is a horizontal graduated semicircle, over which a little metallic needle can be made to 
travel with the aid of a pin, worked by a button on the exterior upper surface of the case. Bv 
shifting this needle to the right or to the left, the equilibrium may be obtained with much 
accuracy, while the readings on the graduated semicircle show the increments or decrements of 
weight. See Galvakometer. Hydbostatio Balance. Leyeb. Weighikq Machines. 

BALANCE-VALVE. Fr., Soupape a bascule ; Ger., EntlasUter 
Schieber ; Ital., Valvoia bihnciata ; Span., Vdlvula autatnatora. 

See Valyes. 

BALECTION. FtL^Moulure; Qer., Fenster odcr Thurverkleidung ; 
Ital., Modanatura. 

Balectiofif bolection. — A term applied to mouldings which project 
beyond the face of the work which they decorate. Fig. 510. They 
are principally used for external doors. 

BALK, BAULK. Fb., Foutre, Gu^ret; Geb., Balken; Ital., 
Trave; Spak., Viga. 

In engineering, the ridge or bank between two excavations ; also a term applied to timber in 
the log, roughly squared, and before it is sawn up for use ; and sometimes used to designate the 
horizontal timlfers in an open roof. 

BALL-AND-SOCKET JOINT. Fr., Genou de chamiere; Ger., Kwjelgelenk; Ital., Snodatura 
sferica^ Nocelia ; Span., Juego de nuez. 

See Joints. 

BALL-COCK. Fr., Robinet mod^rateur ; Ger., Zulass und Absperrhahn ; Ital., Chiave a gaUeg- 
giante; Span., Vdlvula fiotanU, 

See Water-Supply. 

BALL-LEVER. Fr., Levier a bascule; Ger., Regulirungs brebel; Ital., Leva a cdntropeso. 

See Water-Supply. 

BALL-VALVE. Fr., Ventouse; Ger., Abkiss; Ital., Valvoh pallata. 

See Water-Supply. 

BALLAST. Fr., Lest ; Ger., Ballast ; Ital., Stiva^ Gkiaia ; Span., Lastre, 

Ballast is a term applied to gravel, stone, or other material used for loading ships, to give them 
steadiness in the water when sailing without a cargo, or when the cargo is not of sufficient 
Weight. 



318 BANK-NOTE PBINTING MACHINE. 

In ci'irfl mgineenng, a layer of broken atone or coarae gnvel, from 6 to IS in. in thickneas, Isiil 
above the fomiBtioD-leTel of roada and railwayx, where it answeni the purpose of a foundation 
for the road-metal in the former, and for the Bleepers and pormauent waj in the latter. Origioallj 
the material u^ed for Hub purpose woe of the same deacription aa that used for ballasting ghipe, 
hence the term. 

Thamea ballast ia the gravel dredt^d from the bed of the river Thames, and ia used for Bhipa* 
ballast, making concrete, formatioa of roeda, &e. 

Where atone and gravel ore scarce, clay burned to the hardneas of at lout ordinary bricka ia 
need instead of Ibe ordioary gravel or stone ballast, the proceae tieing a« followa: — 

Clay as used for the manufacture of bricka is dug and aligbtly tempered to make a homo- 
geneoua masa ; a log of wood is ftied upright in the ground, from which a flue, technically termed 
a " live hole," of 8 or 9 in. in diameter, and about T ft, long, according to the aize of the heap to 
be burned, is formed of bricka on edge, or old drain-pipes, on the upper aide of which, at the end 
next the wood, ia left an opening. Pieces of wood are next piled around the upright log, in a 
conical form, about 4 or 5 ft. in diameter at the base, and about 4 ft. high. Over this cone of wood 
ia placed about balf-a-ton of coal, and on the coal a coating of clay 6 to 8 in. thick, like whole ia 
then set on fire through the horizontal flue. 

As the wood bums down, coala are thrown in until all becomes in a stale approaching incan- 
descence. It ia then ready to form the core for the reception of another ooating (»F clay ; and aa the 
burning proceeds, coal and breeze are added to fbed the fire, then another coaCinK of clay, and Bona, 
until the size of the heap becomes such aa to render it inconvenient to add more. The burning sbonld 



including small coal or alack, is required lo bum 100 cub. yds. of clay. 

* cubic yard of clay, meaaured in the solid, before digging, will, when burned and broken np, 



Ohiaia ; Span., Wagun para tiatre. 

A ballast^nagon is a wagon employed in removing earth in excavationa and similar works. 
They are usually made to bold li to 3 cub. yds. Ballast-wagons should be made with apdngs, 
aa without springs they increase the wear and tear of the rails considerably, and add to the expense 
of maintaining the way. Figs. Sll, 512, show (onus of baUast-wagous geuerelly in use. 




BALDSTEB. Ph.. Baimtre .- Geh., Thcke ciner Treppenhhae ; Ital., Balaastm ; Span., Balatutre. 

A small pillar, a series of which, flied under the coping of the parapet of a bridge, or otherwise, 
is called a balustrade. It also applies to the pillars of wood or iron which support the band-rail 
at the side of a stairs. 

BALUSTRADE. Fr,, BaltatnuU; Qeb., Baiuitrade; Ital., QAmnata di btOaoMtri; Span, 
SalauHraiia, 

BANDINO-pLaNE. Fb., Sahat a rainare; Gks,, Ifulhhobelf ItaL., PiaUa da inlvniatort; 
Bfam,, Cepillo de Bocet. 

A bandinff-plane is a plane used for cutting out grooves and inlaying strings and bands in 
■traigbt and circular work. 

BANKER. Fk-, Etabli; Gbr,. Werhhaakj ItaX... Crppo; %VK>t^ Banco de cartttro. 

The bench or table upon which bricklayers and atonemaaons prepare and ahape their ma- 

BANK-NOTE PBINTING MACHINE. Fb, Machiae k impri«Kr Us hilleti dt Biavpu; 
Gbb., Preat znm Xhvi-ltea der Oastaschxine ; Ital., Macr.hlna per lUtmpam i higlietti di Banco cd altri 

The Bank-Note Printing Machine, invented by Thomaa Grubb, of Dublin, and described by 
him in a paper read before the Institution of Mechanical Engineers, ia shown in Figs, 513 and 
511 : Fig. 514 is a side elevation, and Fig. 513 a vertical section laken at right angles to Fig. 514. 

The machine consists of a horizontal polygonal cylinder A, Figs. 513 and 514, of twenty sides, 
on ten of which are held the ten engiavud plates from which the notes are to be printed. Theee 
engraved plates are held in poaitioa in dovetails formed by ten plain plates screwed upon the ten 
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intermediate sides of the polygon. The plates and polygon are maintained at the proper tempe- 
rature for working, by steam admitted inside the hollow polygon through the back-bearing B, 
Fig. 513. 

613. 614. 




At the ordinary rate of working, each impression occupies ten seconds; and the polygon is held 
stationary during eight seconds of the time, and during the remaining two seconds it is turned 
round through -,^th of a revolution, in the direction shown by the arrow in Fig. 514, so as to bring 
the next engraved plate to the top for being printed from. During the eight seconds that the 
polygon is stationary, the undermost plate at G is inked by the machine, the uppermost plate at 
D is printed from, and the plate at £ has the wiping of its surface completed. The machine 
requires two attendants, one standing in the box F, who lays the paper, removes it after being 
printed, and observes that the work is proceeding satisfactorily ; wnile the other gives the final 
wiping by hand to the surface of each plate as it comes into the position E, Fig. 514. The greater 
portion of the superfluous ink is wiped off by the machine, thereby lessening the labour of the 
final wiping by hand ; this is done by means of the wiping-roUer G, on which is wound a length 
of cotton cloth. This wiping-roller is stationary while the polygon is at rest ; but on the polygon 
beginning to move, the roller presses against the surface of the previously inked plate, and, by 
turning in the opposite direction, wipes off the superfiuous ink. When the surface of this roller 
becomes surcharged with ink, a length of the cotton cloth upon it equal to one round is torn off. 
By the revolution of the polygon, therefore, each plate on arriving- at the bottom at G is inked, and 
as it proceeds upwards is first partially wiped by the machine at 6, and afterwards finally wiped 
by hand at £, and on arriving at the top is printed from by the printing-roller D. 

Several special contrivances are required for producing the respective actions of the machine, 
the principal of which are the apparatus for loclang and turning the polygon, and for the motions 
of the printing-roller, and the inking apparatus. 

At each printing the polygon is subjected to a heavy strain by the vertical* pressure of the 
printing-roller D, Fig. 514, tending to turn it first in one direction and then in the opposite direc- 
tion alternately, as the printing-roller passes over from one side of the centre to the other; it 
therefore requires to be very firmly locked during the time that it has to be held stationary for 
printing. This is effected by the locking-lever H, which, being lowered by its cam, inserts the 
steel tooth I into one of the ten spaces round the circumference of the polygon. The turning of 
the polygon through -j^j^th of a revolution between each printing is accomplished by the levers and 
cams K K and L L ; one of tbese levers, K, alternately withdraws and protrudes the tooth J, while 
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the other, L, moves the carrier-box M through the required arc. The action of the levers H and 
K ia 80 arranged, that aa the tooth of the locking-lever is withdrawn, that of the turning-lever 
enters the toothed circular plate K, and vice versd. The polygon is thus sure to be duly acted 
upon, and always under restraint, thereby ensuring against risk of accident, which might occur if 
ordinary means were employed for turning the polygon. 

For working the printing-roller D, Figs. 513 and 514, the ordinary method of causing it to roll 
up an inclined plane into contact with the plate was inadmissible in the present machine, and the 
following arrangement has been adopted for the purpose. The roller is first caused to descend 
vertically at the proper time and with a sufficient pressure upon the plate, on which the paper to be 
printed is previously laid ; next, the roller is carried horizontally over the surface of the plate, to 
produce the impression ; then it is raised from the plate and withdrawn to its first position. The 
motion of the centre of the roller is, therefore, as shown by the dotted line P Q R in Fig. 515 ; and 
this motion is produced in the following manner. The vertical 
descending movement from P to Q is effected by the long trussed rod 
O and its double cam, acting on the bell-crank S and toggle-lever 
joint T. The horizontal traverse from Q to B is produced by the 
printing cams and their levers U acting upon the sectors V, Figs. 513 
and 515. These sectors roll against inverted straight-edges W, and 
the bearings of the printing-roller D being concentric with the arcs 
of the sectors Y, the roller is traversed horizontally over the engraved 
plate. The curved motion from R to P, in withdrawing the printing- 
roller and returning it to its original position, is produced by the 
joint action of the two sets of cams. The blocks W, against which 
the sectors Y roll, slide vertically in grooves in the side frames of the 
macMne ; the under-side of these blocks is faced with a fiat surface of 
hardened steel, against which rolls the upper segmental surface of 
the sectors, which is also made of hardened steel. These steel bear- 
ing-surfaces are retained in contact by the spiral springs X, Fig. 513, X. 
which carry the weight of the sectors, the printing-roller, and the 
levers U. The sectors are prevented from slipping in rolling against 
the blocks W, by means of bridle-levers, which admit of motion in 
other directions, but prevent slipping. An endless sheet of flannel Y 
passes round the printing-roller D and over the guide-rollers Z above, 
travelling in the direction shown by the arrows in Fig. 515; the 
upper rollers Z are carried by the sectors Y and slide-blocks W. 

The inking of the engraved plates is performed by the inking- 
roller G, Figs. 513 and 514. Upon the capability of the machine to 
ink the engraved plates efiectively depends its usefulness; and herein 
lay the main difficulty, and the reason of the failure of previous 
attempts at improvement. The difficulty was much enhancea by the 
circumstance that, in using the ink applicable to engraved plates, a 
portion of it becomes thickened and unfit for immediate use. In the 
ordinary hand-inking, this thickened ink collects in a ring on that 
part of the dabber which barely comes into contact with the plate 
during the inking ; and this requires to be removed occasionally from 
the dabber by a knife or scraper, otherwise, b^ its mixing with the 
fresher ink, the quality of the work would be injured. In experiments 
made preliminary to constructing the present machine, a cylindrical 
roller was used for inking the plates by hand, and was supplied with 
ink from a perforated sivface, through which the ink was caused to 
exude ; and it wsis found that the thickened ink, technically termed 
** gatherings," adhered at first to the perforated surface between the perforations, and afterwards, 
when the film had arrived at a certain thickness, it was transferred bodily to the surface of the 
inking-roller. These experiments led to the adoption of the following inking apparatus : — 

The short cylinder P, Figs. 513 and 514, containing the supply of ink, is fitted with a, piston, 
the rod of which is a screw ttiat projects below the cylinder, as shown in BHg. 513. The upper end 
of the cylinder expands into a horizontal rectangular tray, rather larger in size than the plate to 
be inked ; and this tray is covered with a fiat plate of steel, perforated with a number of small 
holes. The piston is slowly raised by the screwed piston-rod and the bevil-wheels Q, and ratchet- 
wheel R. In order to charge the cylinder with ink, the piston is lowered, and the perforated top 
plate removed for filling in the ink ; and on replacing the top, the piston is raised until the 
ink exudes through the perforations in the top plate, the lowering and raising of the piston being 
effected by hand by a winch upon the spindle of the ratchet-wheel R. The supply of ink during 
the working of the machine is kept up by the lever T from the cam-shaft. Fig. 514, acting on 
the ratchet-wheel R, a small but sufficient quantity of ink being in this way forced up through the 
perforated surface for every plate inked by the inking-roller 0. 

The inking-roller C, shown enlarged in Figs. 516, 517, and 518, is formed of a number of discs 
of woollen cloth, screwed tightly together upon a spindle and finished in the lathe. It ia worked 
to and fro continually without intermission by the rack and sector B. This rack slides on 
a cylindrical rod D, which allows the frame E, carrying the roller, to be raised and lowered 
sufficiently to cause the inking-roller either to apply ink to the engraved plate on the polyeon A 
above, as shown in Figs. 516 and 517, or to descend and roll on the inking-table P below, for obtain- 
ing a fresh supply of ink, as shown in Fig. 519. The roller is held up for inking the polygon by 
the weighted lever G, having an adjustable weight ; and on the pressure of this weight being re- 
moved at the proper moment by a cam, the roller C drops and rolls upon the ink-table P with its 
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own weight, and that of the frame £, as shown in Fig. 516. It thus take« np a fresh snpply of ink, 
while the polygon is turned through one-tenth of a revolution so as to bring the next engraved 
plate round into position, ready to oe inked when the inking-roUer is raised again by the lever G. 
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As the ink is transferred from the perforated inking-table P to the inking-roller G in a series 
of dots through the holes in the inking-table, the engraved plates would be inked in a similar and 
therefore imperfect manner ; but this is prevented by the application of the two small distributing- 




rollers 1 1, which are pressed in contact with the inking-roller by springs. One of these distri- 
buting-rollers simply revolves in contact with the inking-roller ; but the other has on one of its 
bearings a screw, which gives it an end-traversing motion in addition to the rotary motion ; and 
thus the ink coming to the roller in dots is equalized over its entire surface, and the inking of the 
engraved plates is rendered uniform. 

The occasional removal of the thickened ink from the surface of the inking-table P is pro- 
vided for by the arrangement shown in Fig. 519. The ink-scraper J is shown in the position wnen 
out of action, and H is the lever and M the connecting-rod for communicating the required motion 
to it from the cam K. On the scraper beginning to move across the inking-table P from the posi- 
tion shown at J in the drawing, a small cam at each end causes it to rise and so to pass clear over 
the table without scraping ; while in the return motion the scraper descends into contact with the 
table, and pushes before it the thickened ink, which falls into a trough placed to receive it. 

If the scraping were to be performed once for every impression printed, then it would only be 
required to allow the cam-roller at the end of the lever H to remain continually in the groove of 
the cam N. But as it is required that the scraping should be performed only occasionally, or once 
for every thirty-six impressions or revolutions of the cam-shaft, the following arrangement is 
adopted. At O is a latcn, which so long as it is not raised holds the connecting-rod M pushed 
outwards laterally, so that the cam-roller is out of the cam-groove N. The ratchet-wheel Q has 
seventy-two teeth, and is carried forwards one tooth for every impression by the paul B, which is 
actuated by the cam shown by the dotted line. Attached to the ratchet-wheel is a disc S, having 
only two notches T T in its circumference ; and U is a rooking-frame, rocking on a pin at its lower 
end, and having on the upper part a projecting finger, which is caused by &e weight W to press 
continually against the edge of the disc 8. Y is a bolt, worked up and down at each revolution of 
the.cam-shaft by the same lever and cam that work the paul B of the ratchet-wheel. The upper 
end of this bolt slides in the rocking-frame U ; and so long as the finger is on the edge of the oisQ 
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8, the bolt V rUea and filU jiut oleat of the latch O, as showD in the dnwing, to that it pioduoea 

But onoe for every thirty-six impressions of the maohine, the finger of the loclcing-fnme U 
enters one of the notches T in the diac, and the rocking-frsme fallinK forwarda, tilts the bolt V 
into the position indicated by the dotted line, when the neit rUing of the bolt lifts thel&tcb O, aa 
shown by the dotted line. The i^am-roller is now thrown into the caia-groove N by the latenil 
presBore of the spring lever H, and the scraping of the inking-table F is pelfonned onoe by the 
rovolation of the cam N. At the end of the revolution the cam-ioller is thrown out of the cam- 
groove N by the inclined stop X at the end of the groove, and is instantly held out by the drop- 
ping of the latch O; and before the bolt V again rises, the ratchet-wheel Q has been turned 
fbrwards one tooth, so that the finger of the rocking-frame U is again out of the notch T, and 
therefore the bolt V rises clear of the latch O, ai^ ceases to lift it for the next tbirty-cis 
impteiaians. 

BAB. Fb., BoTTt ; Geb,, SUA ; Ital., Scanwt, Baaoo dx rmd ; Span., Barra. 

A bar is a piece of wood, metal, or other solid matter, long in proportion to its diameter 
or width. A bank of sand, gntvel, or other matter forming a shoal at the mouth of a river or 
harbour, obstructing entmnce or rendering it difficult, is called a bar. 

The term is also applied to an ingot, lump, or wedge of metal from the mines, run in a mould 
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BARBE^'TE. Pr., BarhetU} Geb., QeKhutibaiJi, Prilache; Itaj,., Baria, Parapetto a barlu, 
Artigluria t'n barba ; Span., BarieUa, 

See Osdhance. 

BABGE-BOARD. Fb., Flache ihiu; Oeb., Sdmartt, BchillitSck; Ital., FoKianie iCaggetto del 
tttto; Span., Ouarda Mallttai. 

A barge-board, or verge-board, is a board, more or less ornamental, attached to the gable ends 
of a roof, chiefly in old E^lish houses, to hide the euda of the horizontal timbers, and to protect 
friMn the weather the under-side of the ban/e-courH, which is nsuall; boarded or plastered. 

BAKGB-C0UPLE8. Fa., Chfcnm exUriew; Oer., A^uaert Sparrm; Ital., Puntani cht 
agffetbmo, 

Barge-cdiplea are the rafters placed under the bargt-courie, which serve e,s gronnds for the 
barge-boards, and carry the plastering or boarding of the soffits. 

BABGE-GOUBSE. Fb., Balteliemeal ; Gbb., Traufziegelreihe; llAh., Filart d'aggeilo M tttto; 
Bpak., BoquitUu, 

The barge-course is that part of the tiling or slating of a roof which projects over the gable of 
a building. The term ia also applied, when there is no projection, to a coping of stone or brick 
laid above the tiling or slating along the sloping sides of tne gable. A fillet of cement is usually 
ron along the inside, to cover the junction between it and the slating, 

BAELEY-DBESSINQ MACHINE. Ph., Machine a preparer Forge; Qer., Magchim nm 
Zvrickten der Gtrete ; Ital., ATacchina a preparart Cono. 

Figs. 620, 521, represent a machine, designed by J. T. Poyser, for screening and dressinE 
barley and lemoviog the broken graiiu. The barley to be dressed is placed in the hopper ^ 




Fig. S20 ; this hopper has an opening at the bottom provided with a slide, by which the amount 
of grain allowed to pass through can be regulated. In falling from the hopper, the grain is sub- 
jected to the blast of a fan, which removes the dost, smut, Ac. The grain is received on an 
inclined board which delivers it on to the ecreea A ; this screen is mounted in a frame, which has 
a rapid reciprocating motion imparled to it in an inclined direction, by being coupled b; nds to a 
crank on a transverse shaft. 

The grain is delivered on to the screen A, and any beans, peas, stones, &c., which may be 
mixed with it, psss over this aoreen and down on to a second screen G, over which they also pass in 
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ft paagftge leading to the shoot K, where they are delivered. The shoot K is provided with an 
inclined perforated plate, which effects the separation of any stray com which may have passed 
over the screens, A and G, with the refuse, the latter passing over the inclined perforated plate in 
the shoot, and heing delivered on one side of the machine, whilst the grain passes through the 
plate and is delivered on the opposite side. The refuse which passes over the plate G is prevented 
from clogging the passages leading from the lower end of that plate to the spout K, by causing it 
to separate and pass on either side of circular blocks of wood placed opposite these passages and 
between the plates C and B. These blocks are shown in the plan ana section of tne perforated 
plate O, Figs. 520 and 521, and they not only serve the purpose we have mentioned, but, by 
retarding the progress of the refuse, cause the com to be more effectually separated from it. 

The screen-plates, A and G, have shallow transverse bars on their upper sides, and they are 
perforated with openings of sufficient size to permit of the passage through them of the grains of 
barley. The grain which passes through the screens is received oy the plain zinc trays, B and £, 
and by them delivered on to the perforated plate F. This plate is provided with tnmsverse bars 
on its upper side, and over it the grain passes down to the screen G, which is without transverse 
bars, but which is subjected to the action of a series of rollers. A portion of the broken and 
damaged com and refuse matters of a smaller size than the grains of barley pass through the plate 
F and fall upon the inclined board H, down which they are led to the perforated plate L, which is 
provided witn transverse bars. The damaged com and small refuse matters fall through this plate 
on to the plate N, which leads them to the perforated and ribbed plate O, through which they fall 
on to the last perforated screen P, any refuse passing through this screen being delivered beneath 
the machine. 

Any good barley which may have been delivered through the screen F, and over the plate H, 
to the screen L, passes over that screen to the plain plate M, which carries it forward and delivers 
it on to the screen Q. This screen also receives any good grain which may have been separated 
from the light and broken grain during its passage over the inclined plate N, and the perforated 
plates O and P. The best barley passes over the perforated plate Q, Into the spout S, whilst that 
which passes through the perforated plate is received by a plain plate, which conducts it to the 
spout B, by which it is delivered at the side of the machine as a second sample. 

We must now return to the grain which, passing over the perforated plate F, is delivered to 
that marked 6. Whilst passing over this latter screen, it is subjected to the action of a series of 
small wooden rollers covered with india-rubber, the axes of these rollers being carried in slotted 
holes in a pair of side-rails in such a manner that the rollers are free to rise and allow the grain 
to pass beneath them. The side-rails just mentioned are supported by brackets, which pass 
through long slots in the sides of the movable frame carrying the screens, and are bolted to the 
main frames of the machine, so that the rollers have no reciprocating motion, the screen-plate G 
passing to and fro under them. 

BARN MACHINERY. Fb., Machines emphy^M dans les fermea; Geb., Landirirth schaftliclie 
Apparate ; Ital., Macchine impiegate nette oascine. 

Bam machinery mav be divided into the following classes, — threshing and dressing apparatus 
for grain; mills and flour-dressing apparatus; corn-crushing, straw-chopping, and root-cutting 
implements. 

Fig. 522 shows a longitudinal section of a Portable Threshing Machine. The sheaVes of com 
having been unbound, are passed to the feeder, who stands in the dickey A, and shakes the straw 




loose into the mouth of the machine B ; here it meets the drum C revolving at a high veloci^, 
which carries it over the concave or breastwork D, beating out the grain from the ears. The gram 
faUs through the breastwork D, while the straw is thrown off into the chamber E, whence it 
is taken forward by the shakers F F, and thrown over the straw-board G. The shakers F by their 
motion also separate the straw, and allow any grain that may have been thrown off from the drum 
with the straw to fall on to the shock-board or shogging-board H, whence, by means of the motion 
given to the shogging-board from the crank-shaft 1, through the connecting-rod J, it is passed down 
to the riddle-boiud K, to which an opposite motion is communicated by the other connecting-rod L 
from an opposite crank on the shart I, the two boards, H and E, advancing to each other or 
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racedii^ BimnltaDeoail;, both being Biupended hj liaki to the fnuning, sjid swinging looaely 
between the sidee of the machine. 

The gnin that passes through the breastwork D is guided by the beot plate VL,Boaato fall 
upon the top end of the rtddle-board K. In working the machine, man; heads and short straw* 
fall from the breastwork and shakers, and a coarse riddle or perforated plate ia put on the top of 
the riddle-board K to take them out from the corn ; these " caving" as they are called, pass over 
the end of tlie board K, and fall down the caving-board N. The com and all smaller subBtances. 
chaff, and ao on, pass through the top riddle, and down an inclined board on to a seoond riddle 0, of 
a finer mesh or perforation ; here they meet a blast of air from the fan or blower P, which blows 
away the chaff through the opening Q, while the grain which is heavier falls into the B|tout R, 

The grain is thence carried away by the elevator B, Figs. 523, 525. This is composed of a 
nnmbei m tins or cans T flied on a belt U, which works over two pntleys V V, one at the top and 




the other at the bottom. The spont B of the threshing machine deliTers the com into the bottom 
shoe of the elevator: the cane T, being carried round by power applied through a bejt to the 
spindle of the top pulley, take up the grain, and in turning over the upper pnfley discharge it 
into the spout W, Fig. 524, which forms a hopper for it : thence it passes to the next process. 

The drum C, Ftg. 522, of (he threshing machine, is shown in four modifications in Figs. 526 tn 
533. That ahowu in Fig. 526 is composed of rings A, supported by arms B ; on these are fixed the 
wood'beateiB C shod with iron, having a filling-piece D, alio plated with iron, inserted in front of 
each beater, to prevent the straw being carried round with the drum instead of being passed away. 
Fig. 527 shows a close drum made of plate arms B and angle-iron, with angle-iron beaters C having 
wood supports. Fig. 52S represents a drum now in use, having wood-heaters C. over which wires 
E are strained ; on the top of these are bolted the beater-plates F, which are grooved in the 
face, as shown in Fif;. 529, the object of the grooves being to allow the grain to pass into them, and 
prevent it from being broken, as was the case with plain straight beaters. 

The breastwork D, Fig. 522, is shown in detail in Fig. 528. Jt consists of a bame nmde in two 
portions, the upper pert from G to H being of wood, and the lower part from H to I of iron ; these 
are auried by iron rods passing acroas the machine at the three points G, H, and I, which afford 
the means of adjusting the position of the breastwork by means of screw adjusting-pieces at the 
■ides of the machine, so as to bring it nearer to or farther from the drum, as may be required. The 
adjustments at O and H being horizontal sliding adjustments, and that at I vertical, a slot J is re- 
quired at the outer extremity of the frame, in which the rod I works. The dietanoe between the 
breastwork and dmm is gradually contracted from the top towards the bottom, to ensure the whole 
of the straw being expoead to the action of the drum ; this distance is sometimes aimut 1} in. at the 
top, and reduced to only J in. at the bottom, but the adi ustment is dependent upon the state of the 
gmin. The upper hau of the br ■ ■ ■ - ., . 



e breastwork Is furnished with 



strips or ribs of wrought 
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foisted with hofsH, through which a set of wires are passed, forming a concave gratine to prevent 
theatnw bom getting through. The lower half of tha bieMtvork ia a frameof iron ban D,alM 




envered with wire. Strips of bor-iion L rolled with one or two longitiidiiial giooTes are fastened 
on the wooden frame of the breastwork, proiocting alightlj' to prevent the stmw ttom passing too 
qnicklj without being thoronghlf tbrMhea. Tm straw is guided from the breastwork to tbe 
shaken hj the plate H. 

Apother plan of breastwork, invented bjr Barrett Exnll, and Andrewes, is shown in Fig. 530, 
formed b; a series of flat bars D, held in (heir places by the sides of the machine in which elots are 
c»at ; the bars are all moved ti^ether, to or from the drum A, by a worm-piste E, Figs. 631, 5^ 
in which their ends rest, and are thus adjusted to the requLred distanoe from the drum. The plan 
of dmm adopted in connection with this breastwork is also worth notice, as being new, simple, and 
efficacknu. Threeor more sets of arms B are keyed on the spindle, each Ket being completed by a 
ho(m A on the outside, on which are fixed the wrought-iron beatei^plates C, of the form shown 
in Fig. 530. The beater-plates are made of flat iron, rolled or pressed into tbe shape, with the 
spaces F cut in, as shown in Fig. 533, so that any grain they may collect may pass into the dmm 
until it can find its way again to the breastwork D. This beater seems to be more perfect in 
its mechanical constmotion than tbe ntbera, where wood and iron are used together. 

Figs. 53t to 539 show three modifloatione of tbe straw-ahakerF, Fig. 522. Figs. 53i, 535, repre- 
sent side-elevations and end-elevations of tbe two positions of a " raU-abalier," which is made of a 
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and coupling-rods. Figs, 536, 537, show a " box-shaker," consisting of* set of boxes F F, covered 
with perforated sheet iron, or with sloping strips of thin hoop-iron, as shown dotted ; the boxes 
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are carried at one end by radios-links G, and the other ends are attached to double cranks on the 
shaft H, which give the alternating movement, the boxes thus rising and falling to receive or 
deliver the straw the one to the other, and the rotary motion of the cranks also carrying it forwards, 
as in the former case. 

An improvement upon these two methods is shown in Figs. 538, 539. The great fiAult of the 
rail-shaker consists in its passing so many straws through ; while the objection to the box-shaker 
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is, that any grain that has been thrown by the drum to the outer end of the chamber E, Fig. 522, 
is carried along with the straw over the end of the shaker, in consequence of the vertical motion of 
the crank being reduced at that point, and becoming only a horizontal or longitudinal motion at the 
end. To obviate these defects, the new shaker. Figs. 538, 539, was invented by James Good. The 
principle on which this is constructed differs from that of the ordinary box-shaker. Figs. 536, 537, 
m this respect, that while the latter has the crank-bearings at the same end for all the boxes and 
the radius-links G at the other end, in Good's shaker the boxes are supported by the links 
alternately at opposite ends, the crank-shaft H being thus between the links G ,* or, in other words, 
the crank-shaft H may be said to be moved to the middle of the length of the boxes, and half of 
the boxes to be then turned round end for end. Thus, while the ends that are attctched to the 
links close to the drum rise only so much as is due to the vibration of the rocking-links, the ends 
of the other boxes have a considerable lift imparted to them from the crank ; in tne centre of the 
length of the boxes, just over the crank-shaft H, the lift and throw are the same as in the most 
effective part of the old shaker ; and again at the outer end the straw is tossed by the loose ends 
of the boxes, while only a passing or horizontal motion is given by the others. This is known as 
the ** cross-shaker," owing to the boxes moving crosswise, or alternately up and down. 

There is another shaker, invented1i)y T. and H. Brinsmeod, the features of which are different 
from those of every other. Immediatelv over an inclined plane of wood, and sufficiently above it 
to allow them to revolve without touchmg it, are placed transversely, and therefore horizontally, 
a series of triangular prisms of wood, armed at their edges with curved iron teeth, so arranged that, 
as the prisms revolve, the teeth of each pass between those of the two adjoining prisms. The 
prisms being made all to revolve simultaneously ifi one direction, either by cranks on the ends 
of the spindles coupled together by one rod, or by a train of wheels, the straw which falls on 
those at the lower end of the plane is tossed and carried upwards by the action of the teeth as they 
rise, which also, as they pass down again between the teeth of the prism next above, deliver the 
straw on to these last, and sweep down to the bottom of the plane the com and any short straw 
that has fallen through. At the bottom of the plane is a curved wire-netting, through which 
the com readily passes, but which stops the passage of any straw ; and the revolving teoth of the 
lowest prism rake up the straw agam as it accumulates, and toss it upwards and onwards as 
at first. 

In the shaker shown in Fig. 522 there are five boxes, two working on links at the end of the 
machine, and the three alternate boxes vibrating on links at the end nearest the drum ; the inner 
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ends of the latter are prolonged, to allow for the throw of the orank, and are attached by means of an 
angle-iron to a cross-iMtr Z, extending across the machine, and carried by two links outside the 
framing, one on each side, as shown dotted, thus avoiding any links inside the machine. 

The shogging-board H and the riddle-board K, Fig. 522, were origin^y in one length ; and 
the vibration then caused by this single piece moving backwards and forwards impeded the intro- 
duction of portable machines. They were, however, afterwards parted into two lengths, and in 
the present machine the motion of the two boards in opposite directions neutralizes the disturbing 
effect of the reciprocating weight of both. 

The elevator S, Figs. 523, 525, has been already described in a form generally in use. 
Another kind of elevator also in use is formed of sheet iron bent round a spindle in a spiral form, 
working in a trough curved to the radius of the outside of the worm, and touching it, thus 
winding the com, ^., that falls into the trough, by means of the worm, up the spout ; but as it must 
necessarily be kept at only a slight inclination, this elevator is not so general in its application as 
that previously described, nor nearly so cheap in construction. 

f^m the spout W, Figs. 523, 524, the grain is delivered into the hopper X of the corn- 
dressing machine, and thence Into the barley-homer Y, which is shown more fully in Figs. 540 to 
543. It is here subjected to the action of a number of knives fixed on a spindle, which loosen the 
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husks or whites of the wheat and cut the ears or horns off the barley. Independently of 
the inclined position of the barley-homer, the grain is kept in motion by the " set ** of the knives, 
which are in a spiral form. Motion is given to the spindle by a pullev fixed on the end. 

The grain and loose ears pass from the barley-homer into the mouth B of the dressing machine, 
and are met in their descent by a current of air from the fan or blower P, which clears the grain 
of all chaff and ears that may have been left in it ; the grain falling upon the inclined board M is 
conducted to the riddle E, which is carried upon the links A A, Fig. 523, and has motion com- 
municated to it by the craxik at the end of the spindle 0. Any stones or ears that may have got 
in are here taken out, and pass over the riddle E into the spout D, whence they are conducted 
into the delivexy-spout E. The grain, on falling through the riddle, is caught by a fine wire-sieve 
O, through which all small seeds pa^ and are carried also to the spout E. The grain passing 
over this sieve, is swept by a current 9 air taken from the back of the blower P by the passage F, 
by which it is effectually cleaned of any lighter seeds that may be too large to nass through the 
sieve, and also of any chaff that may have &en loosened from the nain by the riddling. The board 
O carries the grain to the mouth of the revolving sieve or screen H, which receives a rotary motion 
from the wheels J. The small imperfect com; or '* light " com, falls through the first meshes into 
the spout L ; the mesh, being then altered and widened, allows the broken com and a larger size, 
or "' tail " com, to fall through into the spout N ; while nothing but the best com can find its way 
to the spout Q. A simple apparatus is hero fixed, consisting of a weighing machine with rods and 
bell-cranks, so arranged as to shut off the delivery and ring a bell when the scale falls. A bushel 
of com weighs 60 lbs. ; four bushels make a sack ; and the weight of the sack itself being 7 lbs., 
247 lbs. is therefore the weight to be put in the scale ; the empty sack is held open to the spout Q 
by means of rods fixed on this scale of the machine. When the four bushels of com are delivered, 
the scale falls, loosing the catch of the slide, which immediately shuts, and allows a bell that has 
hitherto rested upon the top of it to swing clear, and ring, thus calling the attendant to put a fresh 
sack on and reopen the slide. 

The whole process, from the time when the com in the straw is fed to the threshing machine. 
Fig. 522, to the time when the grain, dressed and sorted for market, is sacked in half-quarter quan- 
tities from the spout Q, Fig. 524, is thus entirely self-acting ; and in this time the following separa- 
tions are made : — straw, cavings, chafi^ seeds, light com, tail-corn, best com ; be^des dust, which 
must inevitably be mixed up with the straw at fist, and which is blown away in the process. 

Q 2 
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The portable thre«htng mitchme is now so nrranji^ ai 
proccea with the threshing and winnoning in one mac-hioe. 

Tlie riddlo-boorda K and O, Fig. 522, ore divided lon^tudinallj and verticalty into two parts, 
aa is also the blower or fan P, thus forming two distinct sets of blowers and riddles. The com 
passing tlirough the first net, arrirea at the spout K, as before desrribed, from wbicli it U taken up 
by elevators, and passed into the hopper of a barley-homer Y, plaoeil under the dickey A of 
the portable machine. It is thus parsed to the other side of the machine, where it falls down in 
front of the second half of the divided blower, correeponding to the blower P in Fig. 52-1. upon 
the new or second aet of riddles, corresponding to the riddles K and O in the same fi^^re, down to a 
second spout corresponding to the apnut R on the other side of the machine. It is here again taken 
up by another set of elevators, and diM^herged into llie hopper B of the separator, PMgs. 544. 545, 

rsing through the revolving screen H, and beinu delivered as before, the light corn by the spout 
. the tail at N, the best at Q, and the eeeda and dirt at E E. 
In this separator a blower P is fixed, either above the miu^hine and ecreen-ouip H. to blow al) 
phnlTand seeds out before passing into the screen, as in Fig. 544, or at tlie end, as in Fig. MR. In 




the latter plan, shown in Fig. 545, the com ia subjected to the action of the blast while on the 
screen and in falling from it. The arrangeraeat, however, shown in Fig. 544, introduced bj 
Clayton, Bhuttleworth, and Co., is found to be an improvement, and has been adopted in place of 
the other arrangement. The plan first tried was to blow up the screen; then ander; then up and 
under ; but in the last plan the chaff and light com are blown out before reaching the revolving- 
BCceen H, consequently powet is saved ; and experience shows that a better sample ia obtained by 
this arrangement. In both the plans, shown in Figs. 544 and 545, brushes Z Z are fixed above 
the revolving sereeai H to keep the wires clear. The 
separating; apparatus ia fixed on the side of the portable 
tbjcahing Enadiine, and the grain ia delivered in the Kme 
aepnrations aa enumerated previously. 

The action of threshing is still aapposed by many to 
be a continuous series of blows; by others to consist of 
rubbing between the beaters and the surface of the breast- 
work ; and by others, ag^in, to be the combination of the 
two actions. 

In the present machines in this country the straw is fed 
BCTDsa the drum, so as to allow the drum to " boult " it, or 
carry it through without twisting or breaking the straw. 
which Is with many farmers a serious consideration. In the 
old and in the present American machines, the straw is 
broken up by means of pegs on the drum and breastwork ; 
bnl as the Koyal Agricultural Society take notice of the 
state of the straw, whether it is broken or not, it has become 
an object to preserve it. 

With regard to the riddlee, the top riddle-plate K, Fig. 
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through freely: the second riddle ia finer; and 
combined machines with the split-blower and riddles, the 
third and fourth riddles, corresponding to K and in Fig. 
525, ore each finer than the one before it. The riddles are 
jometimea made of wire netting, and sometimes of wood 
perforated at an inclination ; but more &eqnently of punched 
sheet iron. 

The next process throogh which the grain has to ii«sg 
Is grinding, breaking, or kibbling, as it ia called, accoidlng 
to the degree of fineness of the meal required. Several 
methodj have been proposed, but the old plan of one stone revolving above another which is fixed 
IS still found as good and eoonomictJ as any. Pig. 646 shows • verti<«l section of a portable com- 
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mill oonstructed on this plan. The corn being fed into the hopper A, ia shaken down the spout B 
by the damsel C, working against the spout, into the e^e of the upper or running stone D, whence 
it gets into the furrows of the two stones D and £, passing out from thom as menl into the casing F, 
from which it is carried off by the spout G. Motion is given to the runner D from the ptdleys H 
tiirough the shaft I by means of the mitre-wheels J to the vertical spindle K ; at the top of the 
spindle are two studs, on which rides the casting L, which in its turn carries the running-stone D 
by the two steps O. The damsel G being fastened in the casting L, receives motion from it. The 
bed-stone E is adjusted by the set screws M M ; and the screwed wedges N keep the wood-packing 
against the spindle K. The coarseness or fineness of the meal is regulated by the hand-wheel P 
working a worm-gearing in the worm-wheel Q, which is keyed on the top of a brass bush resting in 
an outer bush or seating, with a square thread out in the two bushes ; thus, by turning the wheel 
P, the worm-wheel Q causes the inner bush to turn in its seat on the thread, thereby raising or 
lowering the spindle E, and with it the upper stone D. The hand-wheel B acts as a nut upon the 
screw S, raising or lowering the spout or shoe B, and thus diminishing or increasing the feed to 
the stones. The object of these mills on farms is to break whent, barley, oats, &c., into meal for 
food for man and beast ; it is only worked occasionally, and therefore the arrangements for cooling 
the flour and meal are not re(|uired. 

The Flour-dressing Machine consists of a case containing an inclined cylinder of wire gauze 
of various degrees of fineness ; on a spindle passing along the centre of this cylinder are fixed by 
means of arms keyed on it a set of brushes, which revolve at about 300 to 500 revolutions per 
minute. The meal or broken com is passed into one end of the cylinder, and the fine flour falls 
at once through the wire into the first compartment ; by means of the brushes and alterations in 
the gauge of the wire five or six separations are made. 

The smaller implements forming part of the bam works are of modem introduction, and have 
been brought forward by science to assist the practical agriculturist. Those in most general use 



Linseed and Com crushers; Chaff-cutterSy or Straus-choppers; Turnip-cutters and Root-cutters ; 
Gorse crushers or cutters ; Oilcake crushers or breakers. 

The Linseed and Com crushers have been introduced to effect a saving in the quantity of com 
necessary for animals, as the crushing or bruising ensures the whole of the nutriment contained in 
the grain being rendered available, instead of the animal swallowing the food without properly 
masticating it. The process is simple; the grain is merely passed between plain or grooved 
rollers, crushing, not grinding, being the object ; the bulk is thereby increased at least one-third, 
and its nutritive power in the same ratio. This idea is really of very old date, though only of 
recent adoption, having been recommended by Hartlib in IGoO. 

The Chaff-cutters are made with two or more knives shaped concave or convex towards the 
edge, and fixed on a shaft carrying a fiy-wheel. A feed-motion is attached to bring the straw or 
hay up to the knives, the straw oeing placed in a box, and the knives working across the end of 
the box and close against it. The length of the cut is variable, and may be altered from about 
} inch to 3 inches by adjusting tlie amount of the feed. 

Turnip-cutters are discs, arms, or plates of metal with knives or cutters to pare or slice turnips 
or other roots, which lie against the knives by their own weight ; the roots are out in slices for 
cattle, and in strips for sheep, cross-cutters being then introduced. 

Gorse-crushers are made with toothed rollers to bmise the gorse for feeding beasts, which eat 
it with avidity ; it is crushed by the machine to a harmless pulp, and cut into short lengths. 

Oilcake-breakers are made with toothed rollers, by which the cake is taken hold of and broken, 
the cut being adjusted by set screws, so as to regulate the degree of fineness required, according as 
the cake is being broken for cattle or sheep ; the dust from the cake passes through a grating. 

The results of experience with the several machines have led to the adoption of the following 
speeds of working as the most eligible for the purpose : — 

The speed of the drum of the threshing machine is found to be best at about 5000 ft. of the 
circumference a-minute. 

The straw-shaker should pass the straw at the rate of 75 to 80 ft. a-minute. 

The shogging-boiurd and riddle-board should be worked at about 200 revolutions of the crank 
a-minute. 

The blowers should run at about 2000 ft. of the circumference a-minute. 

The barley-homer spindle should make 400 to 500 revolutions a-minute. 
, The elevators should work at 100 or 150 ft. a-minute, but the rate is dependent upon the 
quantity to be ts^en up, and it may sometimes be found necessary to quicken the speed. 

The best speed of a 3-ft. stone for a mill similar to the one described is found to be about 140 
to 150 revolutions a-minute, or about 1400 ft. a-minute of the circumference, instead of 1550 to 
1600 ft. a-minute, as given by the ordinary mle, the lower speed giving the greatest quantity of 
work done for the least amount of power expended. 

The smaller machines are not so delicate in their operations, and are more dependent upon the 
kind of stuff they are fed with and the state it is in, and therefore do not allow of any fixed rule. 

The growth of the threshing machine having been traced from the simple threshing drum and 
breastwork to the complete machines now in use, an interesting experiment may be mentioned, 
which was tried at the meeting of the Yorkshire Agricultural Society, at Bipon, in 1854, to ascer- 
tain the power consumed by the several parts of the machine. 

A combined fixed machine with a dressing apparatus as described, required 6*15 horse- 
power to drive it when at work, and 1*77 horse-power when empty, leaving 4 '38 horse-power 
available for doing the work. This machine threshed 200 sheaves of wheat in 18-80 minutes, and 
the power expended was accordingly 6*15 horse-power for 13 • 80 minutes, equivalent to 84 • 87 horse- 
power for one minute ; or, multiplying by 33000 and dividing by 200, the power expended was — 

14004 units of work to thresh 1 sheaf of wheat 
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(one nnit of work beinff one pound weight raued one foot high). The 1*77 horse-power required 

to drive the machine, when empty, wae divided as under : — 

Hone-powff. 

Dressing Machine *S7 

Elevator -11 

Shaker and Riddle -28 

Blower -20 

Drum and Shafting -81 

Total 1-77 

A similar machine required 4*23 horse-power to drive it when at work, and 2*70 horse-power 
when empty, leaving 1 '53 horse-power available for doing the work. This machine threshed 200 
sheaves of wheat in 22*68 minutes, and the power expended was accordingly 4*23 Lorse-power for 
22-68 minutes, equivalent to 95 '94 horse-power for one minute; or, multiplying by 33000, uid 
dividing by 200, tiie power expended was— 

15830 units of work to thresh 1 sheaf of wheat. 
The 2*70 horse-power required to drive the machine when empty was divided as under : — 

Hone-power. 

Dressing Machine '34 

Elevator -28 

Shockboaid and Pulley 39 

Blower and Drum 1'46 

Main Shaft and Shaker <23 

Total 2-70 

The power expended in threshing 1 sheaf of wheat has been gradually increased from about 
6000 units in the earlier machines oy the additions in successive years of further apparatus 
to render the process more complete, several operations being combined in the one machine. 

Taking a similar basis of calculation, the power required to work the portable corn-mills and 
smaller bam implements, as reduced from the average results of the trials at the show of the Royal 
Agricultural Society in 1855, is as follows : — 

Portable Corn-mills, about 9000 units to grind 



Corn-crushers, 

Chaff-cutters, 

Turnip-cutters, 

Oilcake-breakers, 






i» 



11 



3600 

2200 

150 

/ 180 

\ 350 



n 



1 lb. of corn, 
to crush 1 lb. of linseed or oats, 
to cut 1 lb. of chaff, 
to cut 1 lb. of turnips, 
to break 1 lb. of cake for cattle, 
to break 1 lb. of cake for sheep. 



A trial of threshing machines took place in Kent, in April, 1856, when one machine threshed, 
without finishing, about 21} quarters of wheat with 350 lbs. of coal in 3} hours ; while another 
machine, having extra machinery attached to it for finishing, threshed and finished for market in 
the same time about 25} quarters with 563 lbs. of coal, and that under disadvantage, owing to very 
high wind, and the windy side of the stack having fallen by lot to it. A stack of barley waa 
threshed and finished by the second machine in 7\ hours, including stoppages amounting to 
1^ hour, making the actual time 6^ hours ; in this time the machine was found to have yielded 73 
quarters of barley, or at the rate of 11 '23 quarters per hour ; the engine employed was of 7 horse- 
power. — (Taken from a paper by W. Waller, given m * Proc. Inst, of Mec. Eng.,* 1856.) 

BARKER'S MILL. Fa., AfotUin a tan; Geb., LohmUhk; Ital., MulineUo idraulico a reazione; 
Spax., Molino de Barker, 

The simplest form of reaction water-wheel is that of Barker's Mill, Fig. 547. Water-wheels 
are divided into groups according to the form of the part which receives immediately the action 
of the water. 

The following synoptical Table exhibits at one view the different kinds of water-wheels and 
machines of rotation : — 



Water-wheels 

and machines 

of rotation. 



Vertical 



/with floats.. 

with buckets 

receiving the 

water 



Twith floats.. 



{ 



a water-course 



I rectilinear. 
1 circular. 



plane, 

^ I an indefinite fluid, 
curved. Wheels of Poncelet. 

I at summit. Overshot wheels, 
below summit. Breast or undershot. 

struck by an isolated vein, 
placed in a cylinder. Tub-wheels, 
outside cylinder. Turbines of Foumeyron. 



VHorizontal . . J ^.^j^ ©onduits. Turbines of Burdin, of Boyden, of Francis. 
( reaction. Barker's Mill. Wheels of Segner, of Euler. 

The water-mill, shown in Fig. 547, invented by Barker, performed the operation of grinding 
com without either wheel or trundle ; A is a pipe or channel that brings water from a reservoir 
to the upright tube B. 

The water runs down the tube, and thence into the horizontal trunk C, which has equal arms ; 
and, lastly, runs out through holes at d and «, opening on contrary sides near the enos of those 
arms. These orifices, (f, e, have sliders fitted to the^^ so that their magnitude may be increased 
or diminished at pleasure. 

The upright spindle D is fixed in the bottom of the trunk, and screwed to it below by the nut 
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g, and is fixed into the tmnk by two cio8»>ban at /; so that, if the tube B and tmnk C be tnzned 
round, the spindle D will be turned also. 

The top of the spindle goes sauare into the rynd of the upper mill-stone H, as in common 
mills ; and as the trunk, tube, ana spindle turn round, the mill-stone is turned round thereby. 
The lower or quiescent mill-stone is represented by I, and K is the 
floor on which it rests, in which is the hole L to let the meal run 
through, and fall down into a trough which may be about M. The 
hoop or case that goes round the null-stone rests on the floor K, and 
supports the hopper in the common way. The lower end of the 
spindle turns in a hole in the bridge-tree G F, which supports the 
mill-stone, tube, spindle, and trunk. This tree is movable on a 
pin at A, and its other end is supported by an iron rod N fixed 
into it, the top of the rod going through the first bracket O, and 
having a screw-nut o upon it, above the bracket. By turning this 
nut forward or backward the mill-stone is raised or lowered at 
pleasure. 

Whilst the tube B is kept full of water from the pipe A, and the 
water continues to run out from the ends of the trunk, the upper 
mill-stone H, together with the trunk, tube, and spindle, turn 
Toimd. But if the holes in the trunk were stopped, no motion 
would ensue, even though the tube and trunk were full of water. 
For, if there were no hole in the trunk, the pressure of the water 
would be equal against all parts of its sides within. But when the 
water has vee egress through the holes, its pressure there is en- 
tirely removed : and the pressure against the parts of the sides 
which are opposite to the holes turns the machine. 

James Bumsey improved this machine, by conveying the water 
from the reservoir, not by a pipe, as A D B, in great part of which 

the spindle turns, but by a pipe which descends from A, without the frame L K, till it reaches as 
low or lower than O, and then to be conveyed by a curvilinear neck and collar from G to ^, 
where it enters the arms, as is shown by the dotted lines at the lower part of the figure. 

Most of the authors who have attempted to lay down the theory of this mill have fallen into 
error. The most ingenious theory we have yet seen is by William Waring (given in the ' American 
Transactions,' vol. ill.), which, with some such corrections as appeared necessary to adapt lus rules 
to pnu:tical purposes, is nearly as follows : 

The first inquiry relates to the magnitude of the pipe which conveys the water from the 
reservoir to the centre of the horizontal tube e </, at g. To this end, let A = the area of 
the orifice by which the water is admitted at ^ ; A = the perpendicular height of the surface 
of the water in the reservoir above g; d = the vertical depth of any horizontal section of the 
pipe below the same surface ; S = the surface or area of the horizontal section of the pipe, at 
the depth d. Then, since the areas in the several parts of the pipe should be inversely as the 
velocities, and the velocities are in the subduplicate ratio of the depths below the heaid, those 

areas must be inversely in the subduplicate ratio of the depths ; consequently, — = —y^ , and 
8 = A V "-z . So that the pipe must have its bore increased from the level of g upwards in 

the ratio of 1 to V -z ; and if a section in any part be less than would be assigned by this 

ratio, the water will be obstructed in its passage. 

Of the Initial Force with which the Machine commences its Motion. — If we conceive the water 
pressing in the tube from g towards «, previous to the opening of the aperture, there will mani- 
festly be no motion occasioned, because the forces on the opposite sides of the tube balance each 
other, and the force against the end C is resisted by the fixed axle D</; or, if we consider both 
arms, it is balanced by the equal force acting upon the equal end at d in an opposite direction. 
But if one of the apertures, as d (its area being = a), is opened, the pressure upon that portion of 
the tube is taken away, and the equal and opposite pressure upon an equal portion of the contrary 
side of the tube, having now nothing to keep it in equilibrio, tends to move the arm G g about the 
axis D^. In like manner, when the aperture e (also = a) is opened, the pressure, which was 
previously counterbalanced by the opposite pressure on the orifice ^, now exerts its tendency to 
produce a rotatory motion about the axis Dr;; so that, combining together the effiects of both 
these unbalanced pressures, and considering that the pressure of water upon any point is propor- 
tional to the depth of that point below the upper surface of the fiuid, we shall have 2 a A tr for the 
force which causes the rotatory motion to commence ; the values of a and A being taken in feet, 
and V) representing 62^ lbs. avoirdupois, the weight of a cubic foot of water. But as the velocity 
of rotation increases, the pressure depending upon the relative velocities of the water and the 
sides of the tube diminishes, and consequently the power is diminished, notwithstanding what is 
gained by that which we now proceed to consider. 

The Centrifugal Force. — This may be found in a similar manner to that which is adopted when 

considering the theory of the centrifugal pump. Thus, if, besides the preceding notation, we take / 

for the length of each arm g d, g e, t for the time of rotation, g for 32^ fit-, the measure of the force 

of gravity, and «■ for 3* 141593, since a is the section of the fiowing water at right angles to its 

2ir*/* 

motion, we shall have, by proceeding as in the article just referred to, -5— = the length of 

gt 
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a oolumn of water, whose pressore is equal to the centrifugal force, or — = 76*70625 •— j- 

the weight of a column of water in lbs., which is equivalent to the centrifugal force of the fluid in 
both arms. And this is equivalent to the augmentation of power at the apertures, because fluids 
press equally in all directions.* 

The inertia of the fluid greatly counteracts the effects of the centrifugal force. The inertia of 
the rotatory tube with the contained fluid would not continue to resist the moving power after the 
velocity became uniform, were the same fluid retained in it as was in it when the motion was first 
imparted; but as this passes off, and there is a continual succession of new matter acquiring 
a motion in the direction of the rotatory, there must be a constant reaction against the sides of the 
tube equal to the conmiunicating force. Now this reaction is very different from that of a fluid 
confined in the tube when it begins to move, be<»use a particle at the extremity of the tube is not 
to receive its whole circular motion there, but gradually acquires it by a uniform acceleration during 
its passage along the tube ; so that we must nere inquire what force will give to the quantity of 

water /i / tr, in the time — of its passing through its respective horizontal arm, the velocity 

V 

, in the direction of the aperture. Then, according to the rules given for forces in dy- 

t 

.... 12-273 a/c 8*0208 .^ oono ^^^ ^ au -^ i ii^ ^ 

namiCB, we shall have x r — = 19*6878 — — for the resistance m lbs. opposed 

to t 

to each arm, such resistance being estimated as if accumulated at the distance il £rom the 

centre of motion. 

Acquired Velocity of the Water. — According to the theory of hydraulics, the velocity of water 
issuing through an aperture at the depth h below the upper surface of a reservoir, is expressed 
by 8* 0208,^ A, which when reduced, in conformity with the experiments, becomes 6^ h very 
nearly ; and this is the velocity of the water passing out of the tubes at the commenoement of 
the rotation. Then, as 

^2ahw:5^h:t \/(^2aAw + 76*70625 5^^: 5 \/rA + 38*35312^^ 

= 5\/rA+*61365^^ = r, 

the required velocity of the water. 

Batio of the Centred Force to the Inertia. — This will be ascertained by substituting for o in the ex- 
pression 19*6878 ^ , its value just found; so that we have 98*439 ^ x \/ ( -61365 + -^ ) 

• aP 

for the inertia, while the centrifugal force is measured by 76-70625 — ^. Now we find that 

76-70625 ^ : 98-439 -^ x \/ ^-61365 ^\::l: 1-2833 \/ f 61265 -^ Y or as 1 : 

\r ( 1 + ^2 ) ^®^ nearly ; which is the ratio of the power gained by the centrifugal 

force to the obstruction arising from inertia. Whence it appears that the latter is greater than 
the former, except when < = 0, A = 0, or / = oo , cases never occurring in practice ; and that ther 
longer the arms, the less the fall of water, and the greater the velocity of rotation, the nearer 
these forces approach to the ratio of equality. 

Adjustment of the Parts and Motion. — Here it must be particularly observed that the centrifugal 
force should not exceed the gravitv of the water revolving in the arms gd^gc ; for in that case the 
water would be drawn into the tube faster than it could be naturally supplied at its entrance, by 
the velocity proper to that depth, and of consequence a vacuum must be occasioned ; nor should 
the velocity of the apertures be greater than half that of the water through them ; for the 
apertures being still adapted in point of magnitude to the velocity, the effluent quantity or 
number of acting particles is sis the time, the momentum is in the simple ratio of the relative 
velocity, and therefore the greatest effect will be produced when the velocity of the apertures is 
equal to half that due to the head of water. These two conditions expressed algebraically will 
f umibh the ec^uations, 

76*70625 ^ = 2 a / w . . . . -^ = | ^T+T; 

from which equations we deduce the following, 

( A = 9*29^5/ = 15*1446^, 
namely, I I = 1*6296 «« = -1076 A, 

I t = V613G5 / = ^'OmOS A. 

Whence it appears that A, ly and ^^, are nearly in the constant ratio of 15, 9}, and 1. 

Still it should be observed, that while / and t are preserved in a constant ratio, the values of 

a /* alv 

76 -70025 — J-, and of 12-273 , that is, of the central force and of the inertia, must remain the 

t t 

same ; so that the brachia may be made of any length at pleasure (not less than * 1076 A) if the 

time of revolution be taken in a corresponding proportion, or so that the velocity of the apertures 

undergo no variation, which will be ensured by making t = ^*61365/; for a double or triple 

radius, revolving in a double or triple time, or with half or a third the angular velocity, has the 
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same absolute yelocity at the extremity ; and with the same power there applied, will produce 
the same effect. Hence, 

Tke moving force and velocity of the machine^ when the effect is a maximum^ may be found. For, 

/ / 1 * 646 A /' \ 
if we put -61365 / for ««, and 9-29346 / for A, in the expreasion V ( 1 H -^ ], it beoomea 

V 1 + 3 = 2 ; in which case the resistance of inertia is just double the central force, or the 
gravity of the water in the tube = 125 a /, which, taken from the impelling force, leaves 62*5 
{a h -{• () ^ \2^ a I = ^hl'^ a {h — I) = 55-775 a A lbs. avoirdupois = the real moving force, at 
the distance of the centres of the apertures from the centre of motion, / being taken = -1076 A. 

And by a like Substitution, the velocity ~- ^ h + l becomes — V 11076 A = 2-63205 V ^ ^eet 

« 2 

per second. 

Area of the Apertures. — If A = the area of a section of the race perpendicular to the direction 
of its motion, V = its velocity per second, both in feet, a and A as before ; then it will be 

A V = 10 a \/ ( A + -61365 -^ J cubic feet = the quantity of water emitted per second by both 

^ u -^V -070066 AVV A *. r c^x. ^ 

apertures : hence a = — j-r- = ■^^— , the area proper for one of the apertures. 

From the preceding investigation we may deduce the following rules. 

1. Make each arm of the horizontal tube, from the centre of motion to the centre of the 
aperture, of any convenient length, not less than ^th of the perpendicular height of the water's 
surface above these centres. 

2. Multiply the length of the arm in feet by -61365, and take the square root of the product 
for the proper time of a revolution in seconds, and adapt the other parts of the machinery to this 
velocity; or, 

8. If fhe time of a revolution be given, multiply the square of this time by 1 * 6296 for the pro- 
portional length of the arm in feet. 

4. Multiply together the breadth, depth, and velocity per second of the race, and divide the 
last product by 14*27 times the square root of the height, for the area of either aperture; or, mul- 
tiply the continual product of .the breadth, depth, and velocity of the race, by the square root of 
the height, and by the decimal *07; the last product, divided by the height, will give the area 
of the aperture. 

5. Multiply the area of either aperture by the height of the head of water, and the product by 
55*775 (or 56 lbs.), for the moving force, estimated at the centres of the apertures in pounds 
avoirdupois. 

With respect to different forms and developments of reaction water-wheels, we give, with 
some slight, but necessary, alterations, the following general observations from a treatise on 
Hydraulics, by J. F. D'Aubuisson de Voisins. 

We designate by the appellation reaction voater-vcheels machines in which the water contained in 
them; and which issues from them with a certain effort, reacts upon the parts of the machine 
opposite the orifices of issue with an equal effort ; in consequence of which it constrains these 
parts to recoil, and so occasions the motion of rotation. The following example will enable us to 
appreciate this mode of action ; but before giving this example, it is necessary to revert to a 
principle. 

The equality between action and reaction, which is regarded nearly as an axiom in mechanics, 
has been directly demonstrated by Daniel Bernoulli, in the case of a jet issuing from a vase 
(* Hydrodjrnamica,' pp. 279 and 303). He found, by calculation and experiment, that the effort 
exerted upon the vase by the reaction of the jet was equal to the weight of a prism which had for 
its base the orifice, and for its height twice the height due to the velocity of issue ; and we know 
that such is the measure of the eftbrt of which the jet is capable. 

Let there be a vase or great vertical tube, of which A is the base, Fig. 548, which is movable 
around its axis C, at the foot of which is fixed a horizontal tube B D, open at B, and closed through 
its remaining extent. If this apparatus be filled with water, the 
fluid will exert an equal pressure on all parts of the tube ; that ^ 

which takes place at any point will be destroyed by the pres- /^^%. a If 

sure upon the point diametrically opposite, and there will be f:^ I ]\ 3rp 

an equilibrium. But if we make an orifice at a, for example, s^^^Jf *~^ 

there will no longer be a pressure upon this point ; that exerted 

upon the opposite side will be no longer counterbalanced, and it will drive the tube in the direc- 
tion from a to « ; the jet issuing at a, acting by its reaction^ will cahse the machine to turn around 
its axis C, and in a direction opposite to its own, in the bame manner as the elastic fiuid arising 
from igniting the powder contained in the charge of a squib or rocket, issuing downwards, drives 
it rapidly upwards. 

If, at the lower part of the great vertical tube A, we have radiating from it many tubes similar 
to B D, and similarly pierced, we shall have the machine of reaction designed, towards the 
middle of the last century, by Segner, professor of mathematics at Guttingen, which the Germans 
consequently name Set^ner's Wheel. 

Euler, having made this an object of his studies ('Academic de Berlin,' 1750), proposed, 1st, 
to give a curved form to the horizontal tubes, so as to obtain a pressure resulting from the 
centrifugal force ; 2nd, to cause the water to issue through the extremities of the tuoes, which 
extremities he curved so as to make them perpendicular to the radius of the wheel drawn to 
them. 
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H. Manoori d'Eotot, profiting by the indication of these improvementa, planned a machine 
such as we see in Fig. 549. Its tubes, swelling in the middle, and curved like an CO, were united 
and held by iron bars. The motive water is conveyed to them by means of a great vertical tube, 
which is bent horizontally at B, and, passing under the wings 
or revolving arms, rises vertically, and terminates at the common 
centre G. 

These wheels have been successfully established in the mills 
of Brittany, of Normandy, and of the environs of Paris ; " from 
authentic experiments, they produced an effect superior to that 
of the best executed * pot-wheels,' " says Camot, in the name of 
the commission of the institute appointed to the examination of 
this machine (* Journal des Mines,' 1813, tom. XXXIU.). How- 
ever, in common practice, we cannot, without difficulty, keep tight the junction of the stationarr 
part, the tube conducting the water, with the movable part, the wings or arms of the wheel. 
Otherwise, this wheel seems better fitted than any other to transmit the action of a current of 
water directed from below upwards, such as issues from certain artesian wells. 

Euler, whose ideas upon these reaction machines were derived from Segner's, designed one 
which seemed to him better fitted to reap the full advantage of this mode of the action of water. 
It had the form of a great bell, or rather, it was a truncated cone, hollow in the middle, consisting 
of two concentric surfaces, made of sheet-iron plates, with a space between them, open at the top 
and closed at the bottom ; small bent pipes were fitted vertically all around and at the bottom, 
their extremities being horizontal and in the direction of the motion, or rather, in a direction 
opposite to it. The motive water entering at the top of the machine, 
filled the space between the two conical envelopes, and issued 
through the small tubes. Though unwieldy, this machine has been 
used advantageously in France. 

Three years after, Euler gave a more complete theory of reaction 
wheels ; and on this occasion he projected a second, which is described 
in the * Me'moires de TAoEuiemie de Berlin,' 1754. It consisted of two 
parts, placed one above the other, as shown in Fig. 550. The upper 
was immovable, and formed a cylindrical and annular reservoir, with 
small tubes fixed to the bottom, rectilinear, but inclined at an angle 
determined by calculation, and delivering the water upon the lower 
part. The latter, movable around its axis, presented at the top an 
annular trough, from the bottom of which projected twenty tubes, 
diverging in their descent, the ends of which, oent horizontally, de- 
livered the water in the air. All of these pipes were covered, as far 
as the bending, by a smooth sheet-iron surface, designed to lessen 
the resistance of the air. 

Such a machine, with tubes uniformly curved, not being ob- 
structed at their extremity, and not being entirely full of water, 
has a close resemblance to the duct-wheels of M. Burdin ; and the theory of Borda would be 
equally applicable to it. 

The learned engineer whom we have just named, and to whom the works of Euler were 
unlmown, also made a reaction turbine^ which bears a great resemblance to that of the illustrious 
geometer. We give a short description of one which he established at the mill of Ardes, in the 
department of Puy-de-D6me. 

The fall is 6*56 ft. Under a wooden basin, where the water is maintained at a constant 
height of 3*28 ft., is placed the machine of rotation represented in Fig. 551. Three injecting 
orifices, fitted to the bottom of the basin, deliver the water horizon- 
tally in the crown, or small annular basin, which forms its upper part. 
It then enters into three pyramidal enclosures, with vertical axes, whose 
extremities are bent horizontally, having an orifice of issue. The height 
of the machine is 3*28 ft. ; and generally it is one-half the fall. 

It is contrived so that the turbine, under the injecting orifices, may 
have a velocity of 14 • 53 ft., that due to the height of 3 • 28 ft. The water 
arriving upon the machine with a velocity equal to that of the points 
which receive it, there is no shock. Moreover, the head upon the orifices 
of the conduits being 3*28 ft., the water will issue from them also with 
the relative velocity of 14* 53 ft.: and as that of the orifices in an oppo- 
site direction is the same in value, the absolute velocity of the fluid will 
be zero. The two conditions necessary for the mcunmum of effect are thus 
fulfilled, and the dynamic effect of the turbine will be P H. The total 
fall of the water being put = H. This fall, when it is taken to measure the entire force of the 
current, is the difterence of level between the fiuid surfaces of the upper and lower reaches. But 
for hydraulic wheels it is reckoned from the upper level, or that of the reservoir, to the lowest 
point of the wheel, as this point may be lowered to the level of the lower reach, when this 
level is constant. P = the weight of water fumi^ed in one second by the motive current. 

But in practice, many circumstances always occur to change the conditions of this greatest 
effect. Still, M. Burdin has never seen the useful eflect of his reaction turbines below 0*65PH, 
and sometimes it has been as high as 0*75 P H (^ Annales des Mines,' tom. III., 1828). 

Nearly a century has elapsed since the theory of reaction machines was the object of Euler's 
researches : his memoirs upon this subject, which, however, I am not in a situation to properly 
appreciate, bear, according to competent judges, the impress of his analytical genius. But since 
their publication, and partly in consequence of the works of this great man, the theory of machines 
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in motion, especially in all pertaiaing to their d3rnamio effect, has reached a mnch greater degree 
of generality and simplicity. 

For a summary application to reaction wheels of this theory, I will suppose, with M. Navier, 
that the water enters them without shock, and runs through them without a sudden change of 
velocity ; I shall only, then, have to consider its absolute velocity immediately after its exit from 
the machine. We have demonstrated (see Ttrbine Water-wheels) that when water issues 
through orifices made in the circumference of a wheel in motion around its vertical axis, its 
velocity, relatively to that of the machine, is, upon the last element of the orifices, ij ^gh-^-x^ 
h being the height of the reservoir above these orifices, and v their velocity of rotation. We sup- 
pose uielr extremity to be horizontal, and perpendicular to the radius of the circumference 
described ; then, their velocity v is found directly opposed to that which the fluid possesses upon 
this extremity, and its absolute velocity, immediately after quitting it, is then tj 2gh-\- 1^ — v. 
But the dynamic effect is equal to the force of the motor, miuus the half of the vU viva which the 
water possesses after issuing from the machine, and we shall thus have 

E = P A - - (V27rr^- - v). 

This equation shows that the effect is greater, as the complex factor of the second term in the 
second member is smaller, and that it will be at its maximum and equal to P A when this factor is 
zero ; now, we cannot have mJ 'ig h + v^ — = 0, except v is infinite. Whence we conclude that in 
reaction machines the effect can never be, even in theory, equal to the force of the motor, and that 
it is greater In proportion as the velocity of rotation is the more considerable. 

Finally, in we year 1838, M. Combes, mining engineer, took up the theory of reaction machines, 
and extended it to all the circumstances of motion ; after having studied carefullv that of Euler, 
he established a more general one, which he presented to the Academy of Sciences ; but as yet it has 
not been published. From the short notice upon this subject, inserted in the reports of the sessions 
of the Academy of Sciences (session of 6th August), the formulse of M. Combes indicate in reaction 
machines what those of M. Poncelet have shown for turbines, that the velocity of the wheel may 
experience great variations, either increasing or decreasing, from that giving the maximum of 
efieci, without a marked diminution in this effect. ** It is necessary," observes the author, " that 
the gates of the reaction wheel should be fixed upon the wheel itself ; and in order that the useful 
effect may remain always the same, notwithstanding the variations in the volume of water, it is 
requisite that the gates should act at once upon the whole of the orifices of entry and issue of the 
movable pipes, which should have between them a constant ratio, determined by the equation of 
motion." 

See Float Watsb-wheels. Ovebshot Wateb-wbeels. Turbine Water-wheels. Unseb- 
BHOT Water-wheels. 

BAROMETER. Fb., Barometre ; Geb., Barometer ; Ital., Barometro ; Span., Bar&metro, 

A barometer is an instrument for determining the weight or pressure of the atmosphere, and 
hence the actual and probable changes of the weather, or the height of any ascent. 

The form oonmionly used was invented bv Torricelli at Florence in 1643. It 
consists of a glass tube, 33 or 34 in. in length, closed at top, filled with meroury, 
except the vacuum at the top, and inverted in an open cup of meroury. A 
graduated scale is attached to the tube to note the variations of the column of 
meroury. 

The Aneroid h irometer is a form of the instrument in which the atmosphere 
acts upon the elastic top of a thin metallic box, which has previously been par- 
tially exhausted of air, and furnished with levers and an index to note the 
changes produced by atmospheric pressure. 

The Siphon barometer is another form of the common barometer. 

The Sympiesometer is another form of barometer. 

A Marine barometer is a barometer with tube contracted at the bottom to pre- 
vent rapid oscillations of the meroury ; it is suspended in gimbals from an arm or 
support on shipboard. 

A Mountain barometer is a portable merourial barometer, with tripod support, 
and a oong, for measuring heights. 

A Wheel barometer is a barometer with recurved tube and a fioat, from which a 
cord by passing over a pulley moves an index. 

Experiments show that if a vessel be exhausted of air it will be lighter than 
when it was full, hence air has weight. And we show (see Hydbostatio 
Balance) how the weight and specific gravity of air may be accurately determined. 
The weight of a column of the atmosphere is shown by tlie barometer ; for, let 
A B, f^g. 552, be a glass tube, 34 in. long, open at A and closed at B. Fill the 
tube with mercury, and placing the finger firmly on the end A, so as to prevent 
the meroury from escaping out of the tube, invert it, and plunge the end A into 
a vessel C I), of mercurv. If the finger be now removed, it will be found that the 
merourv will stand at about 29 or 30 in. in the tube above the level of the meroury 
in the basin. That the meroury is sustained in the tube by the pressure of the 
air upon the surface of the meroury in the basin may be proved by placing the 
barometer imder the receiver of an air-pump. As the air is exhausted, the mer- 
cury sinks in the tube ; and when the exhaustion is so complete that very little 
pressure is exerted on the surface of the mercury in the basin, the meroury in the 
tube and in the basin are nearly on the same level. On the air being again 
admitted into the receiver, the meroiury rises in the tube to its former height. Since the pressure 
of a fluid on any portion of the surface is the weight of the superincumbent column of the fluid, 
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the pressTire of the mercury upwards against the surface C D, is the weight of a oolunm of 

mercury, whose base is G D and altitude jP E ; and this pressure is balanced by the pressure of 

the air downwards on the surface G D. From numerous experiments it has been found that the 

density of air is proportional to the force that compresses it. For let A B G D, Fig. 553, 553^ 

be a bent cylindrical tube of glass, having one end A open and the other D closed. 

Suppose the communication between the two branches to be cut off by a small 

quantity of mercury poured in at A until it just fills the base B G. Then the air in 

G D will be of the same density as the air in A B. If more mercury be poured in at 

A, it will force the mercury to rise in D G ; and if this pouring be continued until the 

mercury stands at S, as high above the point T, to which it has risen in D G, as the 

altitude of the mercury in the barometer, then that column of mercury, from what we 

have before shown, is equivalent to the weight of the column of air incumbent upon 

it. Hence the pressure against the air in D T, arising from the pressure of the 

atmosphere and the mercury in 8 B, is twice as great as it was against the air in 

G D ; and it has been observed that D T = ^ G D ; therefore, the air being compressed 

into half the space, the density is doubled. In like manner, if another column of 

mercury be adaed, so that the altitude of the mercury in A B, above the mercury in 

G D, shall be twice the altitude of the mercury in the barometer, the pressure of the 

air in D T, arising from the weight of the atmosphere and the mercury in S B, will 

now be three times as great as it was against the air in G D. Also D T has been 

found to be = -^ G D, and, therefore, the density in D T is = 3 times the density of the atmosphere. 

In this way the density has been found in all cases, within a moderate extent, to be proportioiuj 

to the compressing force. And since the force that compresses the air is balanc^ by the elasticity 

of the air, it is evident that the elastic force of the air is equal to the compressing force, and may 

be measured by.it. Also it follows, that the elasticity of the air is proportional to its density. 

This is the law of Boyle. 

Gay-Lussac found by experiment, that all gases, under the same pressure, expand miifonnly 
for equal increments of temperature ; this ia true, at least, from the freezing to the boiling point 
of the thermometer. Suppose a column of the atmosphere to rest on a base whose area is 1 ; and 
suppose this column to be divided into an infinite number of strata, of equal thickness, parallel to 
the norizon. Then, since each stratum of air is compressed by the weight of those above it, the 
lower strata will be more compressed, and, therefore, will be denser than those above them. 

The nature and properties of both atmospheric air and mercurv have been carefully ascertained ; 
so far, the determination of the heights of mountains by the barometer presents no difficulty ; 
but, to solve the ultimate equation, has, up to the present time, defied the skill of mathematicians. 
The formulas presented by writers on mechanics to effect this object, only gave approximate 
results. This ultimate equation, which may be presented under the form [1], can be solved with 
the greatest ease by dual arithmetic, a new art. 




X 



.i<!±^.(..£)^..[H(,,l)-]. „ 



In this equation all the quantities, except the required height Zy are known ; the logs, are 
hyperbolic, and this equation may be put under the form 

vao^f)=v?.'-fl±^v/f(..f)^..[f(..^)']: 

in this last equation put \/ -r = A.; and suppose A = hyperbolio log. of a, that is, suppase 

log., a = A ; put X = V" ?- f 1 + i- Y and B = ^^^"^'^^ . 

A \ r / rg 

These substitutions being made, [1] becomes 

x = A + Bxlog.^a^. [2] 

The base of the hyperbolic system of logarithms c = 2*718281828 and the dual logarithm of 
c ^ 100000000, = 10«, the dual logarithm of c is written |, « - 10». Etjuation [2] may be put 
under the form c' ==adf'°«; taking the xth root of both sides of the last equation, we havu 



1 



n'" - /^X'"" /x\' 1 

Put n'8 = f, then -3^ = a'; therefore, ( - ) = a*" ; or { — ) =-,-•* consequently 

(V X 1 I I 1 

— ] • = [ ~«~ I " • ^f ^ ^® P^* ^^^ *^fi known quantity / — ;-j" and y for — , the last 



a" ' a 

,9 - 



equation becomes »/" = r, hence in a dual form we have y i, (y) s |, (c); [3]. A geneml 
solution of all equations of the form [3], is given in Part II. of the *Art and »$ienoe of Dual 
Arithmetic,* by Oliver Byrne. 

In measuring heights by the barometer, it is necessary to know, to the greatest nicety, the 
ratio of the density of merciiry to that of air. The accurate and indefatigable M. Begnault 
found, at Paris, that a litre of air at 0° centigrade, under a pressure of 760 millimetres, weighed 
1*293187 grammes; and at the level of the sea, in latitude 45"^, it weighed 1*292697 grammes. 
He also found that a litre of mercury, at the temperature of 0^ cent., weighed 13595*93 grammes. 
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A litre of, water, at its maximum densitj, weighs 1000 grammes ; therefore the ratio of the density 

13595 • 93 
of mercury to that of air, in latitude 45°, will be = z—ttttzzz = 10517 '49. 
' * * 1-292697 

At Paris, a litre of atmospheric air weighs 1 '293187 grammes ; but this number is only correct 

for the locality in which the experiments were made — that is, the latitude of 48° 50' 14", and a 

height of 60 metres above the level of the sea. Taking 1*292697 grammes for the weight of 

a litre of air under the parallel of 45° latitude, and at the same distance from the centre of the 

earth as that at which the experiments were tried, to be 1*292697 granunes, then, putting to for 

the weight of the litre of air, in any other latitude, any other distance from the centre of the earth, 

1 -292697 (1 -00001885) (1 - -002837) cos. X 

« = ^2J • M 

n 

n = 6366198 metres, the mean radius of the earth, q the height of the place of observation 
above the mean radius, and X the latitude of the place. In applying formula [4] to a particular 
example, the author found that at Philadelphia, U.S., lat. 39^ 56' 51'' -5 N., the weight of a 
litre of air was 1 -2914392 granunes; the ratio of the density of mercury to that of air at the 
level of the sea was 10527*735 ; and n = 6367653 metres at Philadelphia 

Begnault also found, by experiments, that 1*36706 represents the volume of air at 100° centi- 
grade thermom., the volume at 0° being supposed = 1. Before the time of Begnault, these and 
many other constants were greatly in error. Experiments show that air, under the same pressure, 
expands uniformly for e^ual increments of temperature; that the expansion due to the same 
increase of temperature is not the same for all gases, as many scientific men have supposed. 
However, in air the expansion for a unit of bulk is -36706, according to Begnault, from the 
freezing to the boiling points ; and therefore the expansion for each degree of Fahrenheit is ^hs 
of • 36706. 

Let a = the expansion of air for each degree of the thermometer, k = the ratio of the elasticity 
of air to its density at the temperature of melting ice ; then the bulk at the temperature x will lie 
increased, and therefore the density diminished in the ratio of 1 + ax to 1 ; consequently 
k{l -^ax) = the ratio of the elasticity to the density at the temperature x, ' 



For the air, let < 



p =. the elasticity, \ at the surface of 

g =. the force of gravity, / the earth ; 

n - tl Si^^ui^Ii wn . ) at the altitude z 
D = the density at temp, x, ' ^ ^ ^^^ 

G = the force of gravity, j """'*' "*" bu**ow , 



p 

then — = * (1 + oar), and .*. P = D A (1 + oar). 

llien, for what is conventionally termed the differential of P, in the notation of the differential 
calculus, put d P ; 

therefore, P — dP = the pressure at the altitude (z + d), 

P = the pressure at the altitude x, 

.*. — dP = the difference of pressures = D Gd* = ; r being put for the radius of 

the earth where the observation is made. 

conaequentJy, log., p - log.. P = log.. | = ^j^^ (7-7^",) • 

From experiment it also appears that mercury contracts uniformly as its temperature decreases. 

)H = height of barometer, | 
M = density of mercury, [ at the surface of the earth ; 

T = temperature of mercury, | 

• 1 

and H|, M,, Tj, the same quantities respectively at the altitude x ; and -- = the condensation of 

P 
/ T — T \ 
mercury for one degree of the thermometer; therefore, M| = M [ 1 H S~ y* but,i) = yHM; 

• £.-/'L±fY '^ 

•■'-i'-'(wiHi)H, 

(T — T \ 
1 + — - — ^ j H, , and equating the hyperbolic logarithms of the last value of 
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the pressnra of the mennuy upwards aniinst the Burfnce C D, ia the weight of o onlumn of 
meroury, vrhoae base U C D and altitude P E ; and thu preBsura ie balanced b; the prcwure or 
the air downwards od Uie Bnrhca C D. From numerous eiperimentB it has been fouud ttiil th« 
density of air ie tiroportional to the force that comprBBBoa it. For let A B C D, Flp. 553, ^^ 
be a bent cylindrit^ tube of glass, bsving one end A open and the other D closed. 
Suppose the coukmunication between the two branches to be cut off by a amatl 
quantity of meroury poured in at A until it just Oils the base B C. Theu the air in 
C D will be of the same density as the air in A B. If more mercury be poured in at 
A, it will force the mercuir to rise in D G : and if this pourtne be continued until (he 
mercury Btauda at S, aa high above the point T, to which it nas risen in D C, as the 
altitude of the mercury in the barometer, then that column of mercury, from what wc 
have before abown, ia equiialent to the weight of Iho column of air incombent upon 
it. Hence tJie presBure against the air in D T, arising from Ibe pressure of the 
atmosphere and the mercury iu B B, is twice as great as it was against the air in 
C D ; and it has been observed that D T — ^ D ; therefore, the air being compressed 
iuto half the space, the density is doubled. In like manner, if another column of 
mercury be added, bo that the altitude of the mercury in A B, above the mercnry in 
C D, shall be twice the altitude of the mercury io the barometer, the pressure of the 
sir in D T, arising from the weight of the atmoBphere and the mercury in S B, will i 
now be three timea bb Ereat as it was against the air iu C D. Also D T has been 
found to be = i CD, and, therefore.thedenaityinDT is = 3 times the density of the atmosphere. 
In this way the density has been found in all cases, within a moderate extent, to be propoitioiul 
to the compressing force. And since the force that compresses Ibe air is balanced by the elasticity 
of the air, it is evident that the elastic force of the air is equal to the compresiiinc force, and may 
be measured by.it. Also it follows, that the elasticity of the air ia proportional to its density. 
TMa is the law of Boyle. 

Oay-Luseac found by experiment, that all gases, under the same pressure, expand uniformly 
for equal incrementB of temperature ; this is true, at least, from the freezing to the boiling point 
of the thermometer. Suppose a column of the atmosphere to rest on a base whose area is 1 ; and 
BDppoee this coliunn to be divided into an infinite number of strata, of equal thickness, parallel to 
the horizon. Then, since each stratum of air is compreesed by the weight of those above it, (he 
lower strata will be more compressed, and, therefore, will be denser than those above them. 

The nature and properties of both atmospheric air and mercury have been carefully ascertained : 
so far, the determination of the heights of mountains by the barometer preeents no difficulty: 
but, to solve the ultimate equation, haa, up to the present time, defied the skill of malhemeticians. 
The formulas presented by writers on mechanics to effect this object, only gave approximsle 
results. This ultimate equation, which may be presented under the form [1], can b« solved with 
the greatest ease b; dual arithmetic, a new art. 

In this equation all the quantities, except the required height i, are known ; the logs, are 
hyperbolic, and this equation may be put under the form 

in this last equation put V T = ^ ' ""^ suppose A = hyperbolic h:^. of a, that is, anppnes 

log., a = A ; put J = v'H f I + - Y and B = ^£±1:2 . 

* V "■/ '"3 

These Bubstitutions being made, [1] becomes 



Thebaeeot the hyperbolic system of bgarithms « = 2'718281828 and the dual lognrithm ■>( 
f ^ lOOOOOOOO, = 10", the dual logarithm of t is written i, . _ 10". Kiuation ['2] moy be put 
undor the form •* = ax*"'; takiiig the xth root of both sides of the last equation, we haw 



(J)-=(i)-""- 






put for the known quantity 



and y for — , th« Ixt 



Aritlmietic,' by Oliver Bynie. 

In meaeuring height by the barometer 
ratio of the density of mercury tn that of 
found, at Paris, that a litre of air at 0° centigrade, under 
I-293I87 grammes; and at the level of the sea, in latitude 
He also found that a litre of mercury, at the temperature r' 
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^ with tho value before found [5], we have ' ( — — j = log., ]-r(l+--) \i 

---•'^(■-fM?0-7)"]- 

The temperature x has been supposed to remain the same throughout the whole column z, 
whereas it always decreases as we ascend from the surface of the earth ; but, being ignorant of 
the law of this change, a mean value (r) between the values at the two stations is taken and 
considered constant ; the mean r, being substituted for x in the last equation, [1] is establi^ed. 

We append the barometrical Tables of M. Mathrew, from which the heights of mountains may 
be found by mere inspection. This method will be found useful when great accuracy is not 
required, or when an observer wishes to avoid the labour of calculating. 

These Tables, based upon Laplace's formula, are sufficiently extended to enable heights — or 
rather, differences of level — to be calculated to nearly 9000 mMres. 

Let us suppose the following observations to have been made : — 

{H, height of the barometer ; 
T, temperature of the barometer ; 
t, temperature of the air. 
{A, height of the barometer ; 
T', temperature of the barometer ; 
fj temperature of the air. 

The height A of the barometer, at the temperature T', observed at the upper station, becomes A' 
when brought to the temperature T of the barometer at the lower station. Now, for every degree 
centigrade, the expansion of mercury is 0*00018002 ; that of brass, according to the barometric 

scale, is 0*00001878; and the difference of these two expansions is 0* 00016124 = ^^^t^t: therefoze 



/ T — T'\ 
wehaveV = A(^l + .^2orj 



Let a be the height of the lower station above the level of the sea, and L the latitude of the place. 
The difference of level Z between the two stations is 

_ I ^ 1000 / 

Z = 18336" log. ^» X { (1 + 0*00265 cos. 2L) 



/, , Z + 16926 
V ^ "63( 



+ 



6366198 ' 3183099, 
This is the formula to which the equation of Celestial Mechanics is brought by introducing the 

term qq^qq t which is relative to the height s of the lower station above the sea. 
3183099 

/ T— T'\ 
But we have just found A' = A ( 1 + j ; therefore, by calling M = 0*4342945 the modulus 

T — T* 

of the logarithms, we shall have log. A' = log. A + M — , 

oZUU 

then 18336 » log. A' = 18336« log. A + 1» • 2843 (T - T'), 

and histly, 18336™ log. ^ = 18336 « log. - - 1«*2843 (T - T*), 

A A 

and we shall be enabled, after the substitution, to put the foregoing equation in the following form : — 



Z = ^8336- log. 5 - 1-.2843 (T - T')^ x 



(1 + 000265 cos.2L+^||?) 
\\ ^ 3183099/ 



It is from this complete formula, with all the data of the observations H, A, T, T', t and /', 
that the following barometrical Tables have been constructed. 
After having calculated the first approximate value of Z, 

a = 18336" log. ~ - 1 "•2483 (T - T*), 

and the second, A = a — ^^^ ^ , we shall have 
^ 1000 * 



Z = A 



r A . A AA«« OT . A + 15926\ 

ri + 0*00265cos.2L+ ^^^^^ J 
. V 8183099 / 



Table L gives the metrical values of 18336" log. H and of 18336" loe. A for barometrical 
heights from 265 to 801 millimetres; only, all those values are diminished by the constant 

44428"* 128, which neither alters the value of the term 18336" log. -r- nor of the difference 

18836" log. H - 18336" log. A. 
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Table H. gives the correction — l»-2843 (T — T*) dependent upon the difference T — T' in 
the temperatures of the barometer at the two stations. It is generally snbtractiye. It would be 
additlTe if T — T' were negative, that is, if the temperature T' of the barometer, at the upper 
station, were greater than the temperature T at the lower station. 

If the barometrical scale were divided upon glass or upon a wooden mounting, the correction, 
which then would become — 1 "'43 (T - T), would be directly obtainable by calculation. 

Table in. gives, for an approximate height A, and the latitude L, the correction, always additive, 



A 



{0.00265cos.2L+-^— -}. 



The first term A 0*00265 cos. 2 L arises from the variation of gravity between the latitude of 

45 degrees and the latitude L of the place of observation. It is positive between the equator and 

45 degrees, and negative between 45 degrees and the pole. 

A + 15926 
The second term -- ^ A is due to the diminution of gravity in the vertical between 

ooool9o 

the two stations ; it is always positive and larger than the first. The sum of these two terms has, 

therefore, the advantage of being always positive. 

g 

The small correction A is owing to the height s of the lower station above the sea. 

«51oou99 

That height is known, but, with an approximation amply sufiicient, we may take 

760 
a = 18336- log. -^ . 

JjL 

760 
The correction then becomes A 0*00576 log. -rrj- • 

It is always additive, and is given in Table IV. It is obtained at the lower station, together 
with A and the height H of the barometer. 

Method of performing the Calculation. — Take from Table I. the two numbers corresponding to 

the barometrical heists H and A, obtained by observation. From this difference subtract the 

correction 1"" -2843 (T - TO, which will be found in Table II., together with the thermometrical 

difference T — T' of the barometers. The approximate height a wiU thus be got. 

2(t + f) 
The correction a - .^_ , for the temperature of the air, has next to be calculated by multi- 

plying the thousandth part of u by twice the sum of the temperatures t and f. It bears the same 
sign as ^ + ^. A second approximate height A is then obtained. 

Having A and the latitude L of the place, find, in Table III., the correction, always additive, 

{A + 15926 \ 
0*00265 cos. 2 L H — ^s^stt^s" \ » which arises from the variation of gravity in latitude, and 
6oooI9o / 

its diminution in the vertical between the two stations. 

When the height of the lower station is rather great, or when the height H of the barometer 

at that station is oelow 750 millimetres, Table IV. will give the additive correction 

760 
A 0*00576 log. ^. 

This Table has a double entry, but the correction, which never varies very much, may be easily 
gathered at sight when it is wished to take it into account. 

Example, — ^Measurement of the height of Mont Blanc, by MM. Bravais and Martins, on the 
29th August, 1844. Mean latitude, 46 degrees. 

At the lower station : 

Height of the barometer at the Observatory of Geneva . . . . H = 729"" * 65 

Barometrical thermometer T = 18°'6 

Free thermometer * = 19°*3 

At the upper station, 1 m^tre below the summit : 

Height of the barometer .. A=424"»*05 

Barometrical thermometer T=: — 4°*2 

Free thermometer t' = —7^*6 

forH = 729"»*65 8069"-9 



T«Mn T o^*«- / for H = 729"" * 
Table I. gives I f^^ ^ = 424«— 



05 -3748"*1 



Difference 4321»-8 

Table n. gives for T — T' = 22°'8 — 29»*3 

First approximate height a 4292"*5 

Correction -^ 2(« + = *'292x 23*4 + 100"*4 

Second approximate height A 4392"*9 

Tablelll. gives for A = 4392*9 and L = 46° + 13"*6 

Table IV. gives for H = 729"" and 4400" + 0"*4 

Difference of level between the two stations .. .. 4406"* 9 

By adding 408 m^es to this difference of level — the height of the Observatory of Geneva 
above the sea, and 1 m^tre more for the distance of the upper station below the summit, we find 
the height of Mont Blanc to be 4815" '9 above the level of the sea. 
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Table I. 

Value of 1833 " log. H, and the value of 18336 " log. h, in metres, diminished by the constant 44428 " * 1 28. 
H, A, millimetres, height of mercury in the barometer tube, at the lower and upper stations, 
respectively. 



HorA. 

265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
800 
301 
802 
303 
304 
805 
806 
807 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
820 
821 
322 
823 
324 
825 
826 
827 
828 
829 
830 



Mitrea. 



Difference. 



4 

34 

64 

94 

123 

153 

182 

212 

241 

270 

299 

328 

357 

385 

414 

443 

471 

499 

527 

555 

583 

611 

639 

667 

694 

722 

749 

777 

804 

831 

858 

885 

912 

939 

965 

992 

1018 

1045 

1071 

1097 

1124 

1150 

1176 

1202 

1227 

1253 

1279 

1304 

1330 

1355 

1380 

1406 

1431 

1456 

1481 

1506 

1531 

1555 

1580 

1605 

1629 

1654 

1678 

1702 

1727 

1751 



5 
5 
4 
1 
8 
4 
8 
1 
3 
5 
5 
4 
2 
9 
5 

3 
6 
8 
9 
9 
8 
6 
3 
9 
4 
8 
1 
8 
5 
5 
5 
3 
1 
8 
4 
9 
3 
6 
8 

1 
1 

8 
5 
1 
7 
2 
6 
9 
1 
3 
4 
4 
3 
1 
9 
6 
2 
8 
2 
6 
9 
2 
8 



30 
29 
29 
29 
29 
29 
29 
29 
29 
29 
28 
28 
28 
28 
28 
28 
28 
28 
28 
28 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 




9 
7 
7 
6 
4 
3 
2 
2 

9 
8 
7 
6 
5 
3 
3 
2 
1 

9 
8 
7 
6 
5 
4 
3 
2 
2 


8 
8 
7 
6 
5 
4 
3 
2 
2 
1 

9 
8 
7 
6 
6 
5 
4 
3 
2 
2 
1 

9 
8 
8 
7 
6 
6 
4 
4 
3 
3 
1 



HorA. 

1 330 
' 331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
870 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 



Metres. 



Dlfferenoe. H or /^. Mdtres. 



Difference.! H or A , Mbtreai 



DiffereDoe. 



1751 
1775 
1799 
1823 
1847 
1871 
1694 
1918 
1942 
1965 
1989 
2012 
2035 
2059 
2082 
2105 
2128 
2151 
2174 
2197 
2219 
2242 
2265 
2287 
2310 
2332 
2355 
2377 
2399 
2422 
2444 
2466 
2488 
2510 
2532 
2554 
2575 
2597 
2619 
2640 
2662 
2683 
2705 
2726 
2748 
2769 
2790 
2811 
2832 
2853 
2874 
2895 
2916 
2937 
2958 
2978 
2999 
3020 
3040 
3061 
3081 
3102 
3122 
3142 
3162 
8183 



3 
4 
4 
4 
3 
1 
8 
5 
1 
6 
1 
5 
8 

2 
3 
4 
4 
3 
1 
9 
6 
3 
9 
4 
9 
3 
6 
9 
1 
2 
3 
3 
3 
2 
1 
9 
6 
3 
9 
4 
9 
4 
7 

3 
5 
7 
8 
8 
8 
7 
6 
4 
2 
9 
6 
2 
7 
2 
6 

4 
7 
9 
1 



24 
24 
24 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
23 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 



•1 
•0 
•0 
•9 
•8 
•7 
•7 
•6 
•5 
•5 
•4 
•3 
•2 
•2 
•1 
•1 
•0 
•9 
•8 
•8 
•7 
•7 
•6 
•5 
•5 
•4 
•3 
•3 
•2 
•1 
•1 
•0 
•0 
•9 
•9 
•8 
•7 
•7 
•6 
•5 
•5 
•5 
•3 
•3 
•3 
•2 
•2 
•1 
•0 
•0 
•9 
•9 
•8 
•8 
•7 
•7 
•6 
•5 
•5 
•4 
•4 
•4 
•3 
•2 
•2 



395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 
416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 



3183 
3203 
3223 
3243 
3263 
3283 
3303 
3322 
3342 
3362 
3382 
3401 
3421 
3440 
3460 
3479 
3499 
3518 
3537 
3557 
3576 
3595 
3614 
3633 
3652 
3671 
3690 
3709 
3728 
3747 
3766 
8784 
3803 
3822 
3840 
3859 
3877 
3896 
3914 
3932 
3951 
3969 
3987 
4005 
4024 
4042 
4060 
4078 
4096 
4114 
4132 
4150 
4167 
4185 
4203 
4221 
4238 
4256 
4274 
4291 
4309 
4326 
4344 
4361 
4378 
4396 



1 
2 
3 
3 
3 
2 
1 
9 
7 
5 
2 
8 
4 
9 
4 
9 
3 
6 
9 
2 
4 
6 
7 
8 
8 
8 
7 
6 
4 
2 

7 
4 

6 
1 
6 
1 
5 
9 
2 
5 
7 
9 
1 
2 
3 
3 
3 
3 
2 
1 
9 
7 
5 
2 
9 
5 
1 
7 
2 
7 
1 
5 
9 
2 



20 
20 
20 
20 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18' 
18 
18 
18 
18 
18 
18 
18 
18- 
18 
18 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 



1 
1 


9 
9 
8 
8 
8 
7 
6 
6 
5 
5 
5 
4 
3 
3 
8 
2 
2 
1 
1 


9 
9 
8 
8 
8 
7 
7 
6 
6 
5 
5 
5 
4 
4 
3 
3 
2 
2 
2 
1 
1 



9 
9 
8 
8 
8 
7 
7 
6 
6 
6 
5 
5 
4 
4 
4 
3 



460 
461 
462 
463 
464 
465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
611 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 



43D6 
4413 
4430 
4448 
4465 
4482 
4499 
4516 
4533 
4550 
4567 
4584 
4601 
4618 
4634 
4651 
4668 
4685 
4701 
4718 
4735 
4751 
4768 
4784 
4801 
4817 
4834 
4850 
4866 
4883 
4899 
4915 
4931 
4947 
4964 
4980 
4996 
5012 
5028 
5044 
5060 
5076 
5092 
5107 
5123 
5139 
5155 
5170 
5186 
5202 
5217 
5233 
5249 
5264 
5280 
5295 
5311 
5326 
5341 
5357 
5372 
5387 
5403 
5418 
5433 
5448 



2 

5 
8 

1 
3 
4 
5 
5 
5 
5 
4 
3 
1 
9 
7 
5 
2 
9 
5 
1 
7 
2 
7 
2 
6 

4 
7 

3 
5 
7 
9 

1 
2 
2 
2 
2 
2 
1 

8 
6 
4 
2 
9 
6 
3 
9 
5 
1 
6 
1 
6 

4 
8 
2 
5 
8 
1 
3 
5 
7 



17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 



3 
3 
2 
1 
2 
1 
1 



9 
9 
8 
8 
8 
8 
7 
7 
6 
6 
6 
5 
5 
5 
4 
4 
4 
3 
3 
3 
2 
2 
2 
1 
1 
1 




9 
9 
8 
8 
8 
8 
7 
7 
7 
6 
6 
6 
5 
5 
5 
4 
4 
4 
4 
3 
3 
3 
2 
2 
2 
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Table I. — continued. 



Horik. 



If^trea. 



525 


5448' 


526 


5463 


527 


5479 


528 


5494' 


529 


5509 


530 


5524- 


531 


5539 


532 


5554 


533 


5569 


534 


5584 


535 


5599 


536 


5613 


537 


5628' 


538 


5643 


539 


5658' 


540 


5673 


541 


5687 


542 


5702 


543 


5717 


544 


5731 


545 


5746' 


546 


5761 


547 


5775 


548 


5790 


549 


5804 


550 


5819 


551 


5833 


552 


5848 


553 


5862 


554 


5876 


555 


5891 


556 


5905 


557 


5919 


558 


5934 


559 


5948 


560 


5962 


561 


5976 


562 


5991 


563 


6005 


564 


6019 


565 


6033 


566 


6047 


567 


6061 


568 


6075 


569 


6089 


570 


6103 


571 


6117 


572 


6131 


573 


6145 


574 


6159 


575 


6173 


576 


6187 


577 


6200 


578 


6214 


579 


6228 


580 


6242 


581 


6255 


582 


6269 


583 


6283 


584 


6296 


585 


6310 


586 


6324 


587 


6337 


588 


6351 


589 


6364 


•590 


6378 


591 


6391 


592 


6405 


593 


6418 


594 


6432 



7 
9 

1 
2 
2 
2 
2 
1 
1 

8 
7 
5 
3 

8 
5 
2 
8 
4 

6 
2 
7 
2 
6 
1 
5 
9 
2 
6 
9 
2 
4 
6 
8 

1 
3 
4 
5 
6 
6 
6 
6 
6 
5 
4 
3 
1 

8 
6 
4 
1 
8 
5 
2 
8 
4 

6 
2 
7 
2 
7 
2 
6 




DIfleraioe. 



15 
15 
15 
15 
15 
15 
15 
14 
15 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 



2 
1 
1 
1 



9 

9 
8 
9 
8 
8 
7 
8 
7 
7 
6 
6 
6 
6 
6 
5 
5 
4 
5 
4 
4 
3 
4 
3 
3 
2 
2 
2 
2 
1 
2 
1 
1 
1 




9 
9 
9 
8 
9 
8 
8 
8 
7 
7 
7 
7 
6 
6 
6 
6 
6 
5 
5 
5 
5 
4 
4 



HorJL 



JfletTM. 



594 


6432- 


595 


6445- 


596 


6458- 


597 


6472- 


598 


6485- 


599 


6498- 


600 


6512- 


601 


6525- 


602 


6538- 


603 


6551- 


604 


6565- 


605 


6578- 


606 


6591- 


607 


6604- 


608 


6617- 


609 


6630- 


610 


6643- 


611 


6656- 


612 


6669- 


613 


6682- 


614 


6695- 


615 


6708 


616 


6721- 


617 


6734 


618 


6747' 


619 


6760- 


620 


6773- 


621 


6786- 


622 


6798' 


623 


6811- 


624 


6824' 


625 


6837' 


626 


6849- 


627 


6862' 


628 


6875- 


629 


6887- 


630 


6900' 


631 


6913 


632 


6925' 


633 


6938' 


634 


6951 


635 


6963' 


636 


6976 


637 


6988' 


&38 


7001 


639 


7013 


640 


7026' 


641 


7038 


642 


7050 


643 


7063 


644 


7075 


645 


7088 


646 


7100 


647 


7112 


648* 


7124 


649 


7137 


650 


7149 


651 


7161 


652 


7173 


653 


7186 


654 


7198 


655 


7210 


656 


7222 


657 


7234 


658 


7246 


659 


7258 


660 


7271 


661 


7283 


662 


7295 


663 


7307 




4 
8 
2 
5 
8 

3 
6 
8 

2 
3 
4 
5 
6 
7 
7 
7 
7 
7 
7 
6 
5 
4 
3 
2 

8 
6 
4 
1 
8 
5 
2 
9 
6 
2 
8 
4 

5 
1 
6 
1 
5 

4 
8 
2 
6 

3 
6 
9 
2 
5 
7 
9 
1 
3 
5 
6 
7 
8 
9 

1 
1 
1 



DUTereooe. 



13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 



4 
4 

> 

3 

3 
2 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 





9 
9 
9 
9 
9 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
6 
6 
6 
6 
5 
6 
5 
5 
4 
5 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 




HorA. 



Mitraa 



DUTerenoe. 



H or h. 



663 


7307- 


664 


7319- 


665 


7331- 


666 


7343- 


667 


7355- 


668 


7367 •( 


669 


7378'* 


670 


7390- 


671 


7402-1 


672 


7414 •, 


673 


7426- 


674 


7438-! 


675 


7450 •( 


676 


7461 1 


677 


7473-1 


678 


7485-. 


679 


7497-1 


680 


7508 -' 


681 


7520-' 


682 


7532- 


683 


7543-1 


684 


7555-, 


685 


7567- 


686 


7578-' 


687 


7590 -. 


688 


7601" 


689 


7613- 


690 


7625- 


691 


7636 •< 


692 


7648- 


693 


7659- 


694 


7671- 


695 


7682- 


696 


7694- 


697 


7705- 


698 


7716- 


699 


7728- 


700 


7739- 


701 


7751- 


702 


7762- 


703 


7773- 


704 


7784- 


705 


7796-" 


706 


7807- 


707 


7818- 


708 


7830- 


709 


7841- 


710 


7852- 


711 


7863- 


712 


7874- 


713 


7886- 


714 


7897- 


715 


7908- 


716 


7919- 


717 


7930- 


718 


7941- 


719 


7952- 


720 


7963- 


721 


7975- 


722 


7986- 


723 


7997- 


724 


8008- 


725 


8019- 


726 


8030- 


727 


8041- 


728 


8051- 


729 


8062- 


730 


8073- 


731 


8084- 


732 


8095- 



1 
1 
1 
1 
1 


9 
8 
6 
5 
4 
2 

8 
6 
3 

7 
4 
1 
8 
5 
1 
7 
3 
9 
5 

5 

5 

5 

4 
8 
2 
6 

3 
6 
9 
2 
5 
8 
1 
3 
5 
7 
9 
1 
3 
4 
6 
7 
8 
9 
9 







9 
8 
7 
6 
5 







■0 



"9 

9 

9 

-8 



12 

12 

12 

12 

11 

11' 

11 

11 

11-9 

11-9 

11-8 

11-8 

11-8. 



11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11-5 

11-5 

11-5 

11 

11 

11 

11 

11 

11 

11-4 

11-4 

11-3 



8 
7 
7 
7 
7 
7 
7 
7 
6 
6 
6 
6 
6 
5 



5 
5 
5 
4 
4 
4 



11 
11 
11 
11 



3 
3 
3 
3 



11-3 
11-3 



11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
10 
10 
10 
10 
10 



2 

2 

2 

2 

2 

2 

1 

2 

1 

1 

1 



1 









"0 



•9 

9 

•9 

■9 

•9 



732 

733 

734 

735 

736 

737 

738 

739 

740 

741 

742 

743 

744 

745 

746 

747 

748 

749 

750 

751 

752 

753 

754 

755 

756 

757 

758 

759 

760 

761 

762 

763 

764 

765 

766 

767 

768 

769 

770 

771 

772 

773 

774 

775 

776 

777 

778 

779 

780 

781 

782 

783 

784 

785 

786 

787 

788 

789 

790 

791 

792 

793 

794 

795 

796 

797 

798 

799 

800 

801 



Metres. 



DlfferoDCP. 



8095-5 
8106-4 
8117-3 



8128 

8138 

8149 

8160 

8171 

8182 

8192 

8203 

8214 

8225' 

8235 

8246 

8257 

8267 

8278 

8289 

8299 

8310 

8320 

8331 

8341 

8352 

8363 

8373 

8384 

8394 

8404 

8415 

8425 

8436 

8446 

8457 

8467 

8477" 

8488 

8498 

8508 

8519 

8529 

8639 

8550- 

a560< 

8570 

8580 

8591 

8601 

8611 

8621 

8631 

8642 

8652 

8662' 

8672-5 

8682-6 

8692-7 

8702-8 

8712-8 

8722-9 

8732-9 

8743-0 

8753-0 

8763 

8773 

8783-0 

8793-0 

8802*9 

8812-8 



•1 
•9 
•7 
•5 
•3 
•1 
•9 
•6 
•3 
■0 
•7 
•4 
•1 
-7 

4 
•0 
■6 
•2 
•8 
•4 
•9 
•4 
•0 
•5 


•5 
'9 
•4 
■8 

3 
•7 

1 
■5 

9 

2 
•6 

9 

2 
'5 
•8 

1 

4 
•6 
•9 
•1 
•3 
'5 
•7 
•9 
•0 
•2 
•3 



10-9 

10-9 

10-8 

10-8 

10-8 

10-8 

10-8 

10*8 

10-8 

10*7 

10-7 

10*7 

10-7 

10-7 

10*7 

10-6 

10*7 

10-6 

10-6 

10-6 

10-6 

10-0 

10-5 

10-5 

10-6 

10-5 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10-3 

10*3 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

101 

10-2 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

9 

9 



5 
"5 

•4 

5 

•4 

5 

•4 

•4 

■4 

•4 

3 

•4 



3 
3 
3 
3 
2 
3 
2 
2 
2 
2 
2 



1 
2 
1 
1 
1 

1 

1 





9 
9 



B 
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Table n.— Gorrection ; — 1—2843 (T — T). 



T-T'. 


Gorreo- 
tion. 


T - T'. 


Oorreo- 
iion. 


T-T'. 


Oorreo- 
tion. 


T-T'. 


Oorreo- 
tion. 


T-T'. 


Ooneo- 
tion. 


T-r. 


COCTCO- 

Uoo. 


o 


m. 


o 


m. 





m. 





m. 





in. 





m. 


00 


00 


4-2 


5-4 


8*2 


10-5 


12-2 


15-7 


16-2 


20-8 


20-2 


25-9 


0-2 


0-3 


4-4 


5-7 


8-4 


10-8 


12-4 


15*9 


16-4 


21 1 


20*4 


26-2 


0-4 


0-5 


4-6 


5-9 


8-6 


110 


12-6 


16-2 


16-6 


21-3 


20-6 


26-5 


0*6 


0*8 


4-8 


6-2 


8-8 


11-3 


12*8 


16-4 


16*8 


21-6 


20-8 


26-7 


0-8 


1-0 


50 


6-4 


90 


11-6 


130 


16-7 


170 


21-8 


21 


270 


10 


1-3 


6-2 


6-7 


9-2 


11-8 


13-2 


17-0 


17-2 


22-1 


21-2 


27-2 


1-2 


1-5 


6-4 


6-9 


9-4 


121 


13-4 


17-2 


17-4 


22-3 


21-4 


27-5 


1-4 


1-8 


5-6 


72 


9-6 


12-3 


13-6 


17-5 


17-6 


22-6 


21-6 


27-7 


1-6 


21 


5-8 


7-4 


9-8 


12-6 


13-8 


17-7 


17-8 


22-9 


21-8 


280 


1-8 


2-3 


60 


7-7 


10-0 


12-8 


140 


180 


180 


23- 1 


220 


28-3 


20 


2-6 


6-2 


80 


10-2 


131 


14-2 


18-2 


18-2 


23-4 


22-2 


28-5 


2-2 


2-8 


6-4 


. 8-2 


10-4 


13-4 


14-4 


18-5 


18-4 


23*6 


22-4 


28-8 


2-4 


31 


6-6 


8-5 


10-6 


13-6 


14-6 


18-8 


18-6 


23-9 


22-6 


29-0 


2-6 


3-3 


6-8 


8-7 


10-8 


13-9 


14-8 


19-0 


18-8 


241 


22-8 


29-3 


2-8 


8-6 


70 


90 


110 


141 


150 - 


19-3 


19-0 


24-4 


230 


29*5 


3-0 


3-9 


7-2 


9-2 


11-2 


14-4 


15-2 


19-5 


19-2 


24-7 


23-2 


29-8 


3*2 


41 


7-4 


9-5 


11-4 


14-6 


15-4 


19-8 


19-4 


24-9 


23-4 


801 


3-4 


4-4 


7-6 


9-8 ; 


11-6 


14-9 


15-6 


200 


19-6 


25-2 


23-6 


30-3 


3-6 


4-6 


7-8 


100 


11-8 


15-2 


15*8 


20-3 


19-8 


25-4 


23-8 


30-6 


3-8 


4-9 


8-0 


10-3 1 


120 


15-4 


160 


20-5 


20 


25-7 


240 


30-8 


40 


51 
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H«igbt 
approxi- 










LATITUDK 


L. 




























toA. 


ip 


30 


«o 


90 


120 


150 


I80 


210 


240 


"*• 


300 


m. 


m. 


ro. 


m. 


m. 


m. 


ni. 


m. 


m. 


m. 


m. 


m. 


100 


0-5 


0-5 


0-5 


0-5 


0-5 


0*5 


0-5 


0-4 


0-4 


0-4 


0-4 


200 


10 


10 


10 


10 


10 


10 


0-9 


0-9 


0*9 


0-8 


0-8 


300 


1-6 


1-6 


1-6 


1-6 


1-5 


1-5 


1-4 


1-4 


1-3 


1-2 


1-2 


400 


21 


21 


21 


20 


20 


1-9 


1-9 


1-8 


1-7 


1-7 


1-6 


500 


2-6 


2-6 


2-6 


2-5 


2-5 


2-4 


2-4 


2-3 


2-2 


2-1 


20 


600 


3-2 


31 


31 


31 


30 


2-9 


2-8 


2-7 


2-6 


2-5 


2-4 


700 


3-7 


3-7 


3-6 


3-6 


3-5 


3-4 


3-3 


3-2 


31 


2-9 


2' 8 


800 


4-2 


4-2 


4-2 


41 


40 


3-9 


3-8 


3-7 


3-5 


3-3 


3-2 


900 


4-8 


4-8 


4-7 


4-6 


4-6 


4-5 


4-3 


41 


40 


3-8 


3*6 


1000 


5-3 


5-3 


5-3 


5-2 


51 


5-0 


4-8 


4-6 


4-4 


4-2 


40 


1100 


5-9 


5-8 


5-8 


5-7 


5-6 


5-5 


5-3 


51 


4-9 


4-7 


4-4 


1200 


6-4 


6-4 


6'3 


6-2 


61 


60 


5-8 


6-6 


5-4 


51 


4-8 


1300 


7-0 


6-9 


6-9 


6-8 


6-7 


6-5 


6-3 


6-1 


5-8 


6-5 


5-2 


1400 


7-5 


7-5 


7-4 


7-3 


72 


7-0 


6-8 


6*6 


6-3 


60 


5-7 


1500 


81 


8-1 


8-0 


7-9 


7*7 


7-5 


7-3 


71 


6-8 


6-4 


6-1 


1600 


8-6 


8-6 


8-6 


8-4 


8-3 


81 


7-8 


7-6 


72 


6-9 


6-5 


1700 


9-2 


9-2 


9-1 


9-0 


8-8 


8-6 


8-4 


8-1 


7-7 


7-4 


70 


1800 


9-8 


9-8 


9-7 


9-5 


9-3 


91 


8-9 


8-6 


8-2 


7-8 


7-4 


1900 


10-4 


10-3 


10-2 


101 


9-9 


9-7 


9-4 


9-1 


8-7 


8*3 


7-8 


2000 


10-9 


10*9 


10-8 


10-7 


10-5 


10-2 


9-9 


9-6 


9*2 


8-7 


8-3 


2100 


11-5 


11-5 


11-4 


11-2 


110 


10-8 


10-4 


10-1 


9-7 


9*2 


8-7 


2200 . 


121 


121 


120 


11-8 


11-6 


11-3 


110 


10-6 


10-2 


9-7 


9-2 


2300 


12-7 


12-6 


12-5 


12-4 


121 


11-8 


11-5 


111 


10-7 


10-2 


9-6 


2400 


13-3 


13-2 


13-1 


130 


12-7 


12-4 


121 


11-6 


11-2 


10-6 


10-1 


2500 


13-9 


13-8 


13-7 


13-5 


13-3 


130 


12-6 


12-2 


11-7 


111 


10-5 


2600 


14-5 


14-4 


14-3 


141 


13-9 


13& 


131 


12-7 


12-2 


11-6 


110 


2700 


151 


150 


14-9 


14-7 


14-4 


141 


13-7 


13-2 


12-7 


12-2 


11-5 


2800 


15-7 


15-6 


15-5 


15-3 


150 


14-7 


14*2 


13-8 


13-2 


12-6 


12-0 


2900 


16-3 


16-2 


161 


15-9 


15-6 


15*2 


14-8 


14-3 


13-7 


13-0 


12-3 


3000 


16-9 


16-8 


16-7 


16-5 


16-2 


15*8 


15-3 


14-8 


14-2 


13-6 


12-9 


3500 


200 


19-9 


19-8 


19-5 


19-2 


18-7 


18-2 


17-6 


16*9 


161 


15-3 


4000 


23- 1 


231 


22-9 


22-6 


22-2 


21-7 


211 


20*4 


19-6 1 


J8-7 


17-8 


5000 


29'7 


29-6 


29-4 


290 


28-5 


27-9 


27-2 


263 


25-3 


24-2 


231 


6000 


36-6 


36-5 


36-2 


35-8 


35-2 


34-4 


33-5 


32*5 


31-3 


300 


28-6 


7000 


43-8 


43-7 


43*4 


42*9 


42*2 


41 3 


40-2 


390 


37-6 


36- 1 


84-5 
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Table III. — continue. 



Height 
approxi- 










LATITUDE 


L. 










maung 
























to A. 


330 


300 


390 


420 


450 


480 


5io 


540 


6Y0 


60° 


•3° 


m. 


m. 


m. 


m. 


m. 


in. 


m. 


m. 


m. 


m. 


ra. 


m. 


100 





4 





3 





3 





3 


0-2 





•2 





•2 





2 





•1 





1 


01 


200 





'7 





"7 





6 





•6 





•5 





•5 





•4 





•3 





3 





•2 


0-2 


300 


1 


1 


1 








9 





■9 





•8 





•7 





•6 





5 





'4 





■4 


0-3 


400 


1 


5 


1 


4 


1 


3 


1 


1 


1 


•0 





•9 





•8 





■7 





•6 





•5 


0-4 


500 


1 


'8 


1 


'7 


1 


•6 


1 


-4 


1 


•3 


1 


2 




•0 





9 





•8 





•6 


0-5 


600 


2 


2 


2 


1 


1 


•9 


1 


•7 


1 


•6 


1 


•4 




■2 




1 





•9 





'8 


0-6 


700 


2 


6 


2 


4 


2 


2 


2 





1 


•8 


1 


•6 




'4 




3 




•1 





■9 


0-7 


800 


3 





2 


-8 


2 


5 


2 


3 


2 


1 


1 


•9 




•7 




4 




•2 




•0 


0-9 


900 


3 


■4 


3 


1 


2 


•9 


2 


•7 


2 


•4 


2 


■1 




•9 




6 




■4 




•2 


10 


1000 


3 


7 


3 


5 


3 


2 


2 


•9 


2 


•7 


2 


A 


2 


•1 




'8 




■6 




3 


11 


1100 


4' 


1 


3 


8 


3 


5 


3 


2 


2 


•9 


2 


•6 


2 


3 


2 







-8 




5 


1-2 


1200 


4 


6 


4 


2 


3 


9 


8 


•6 


3 


•2 


2 


•9 


2 


•6 


2 


2 




■9 




•6 


1-4 


1800 


4 


9 


4 


•6 


4 


2 


3 


9 


3 


5 


3 


2 


2 


'8 


2 


5 


2 


1 




-8 


1-5 


1400 


5 


3 


5 





4 


■6 


4 


2 


3 


8 


3 


4 


3 





2 


7 


2 


3 




9 


1-6 


1500 


6 


7 


5 


3 


4 


9 


4 


•5 


4 


1 


3 


■7 


3 


3 


2 


9 


2 


5 


2 


1 


1-8 


1600 


6 


1 


5" 


7 


5 


3 


4 


■9 


4 


4 


4 





3 


5 


3 


1 


2 


7 


2 


3 


1*9 


1700 


6 


5 


6' 


1 


5 


6 


5 


2 


4 


'7 


4 


2 


3 


8 


3 


3 


2 


9 


2 


5 


21 


1800 


7 





6 


5 


6 





5 


5 


5 





4 


5 


4 





3 


5 


3 


1 


2 


6 


2-2 


1900 


7 


4 


6 


9 


6 


•4 


6 


8 


5 


3 


4 


S 


4 


3 


3 


8 


8 


3 


2' 


8 


2-4 


2000 


7 


•8 


7' 


3 


6 


•7 


6 


2 


5 


6 


5 


I 


4- 


5 


4' 





3 


5 


3- 





2-5 


2100 


8 


2 


7- 


•7 


7' 


1 


6 


6 


5 


9 


5 


4 


4- 


8 


4 


2 


3 


7 


3- 


2 


2-7 


2200 


8 


•6 


8 


1 


7 


5 


6' 


9 


6 


3 


5 


•7 


5 





4- 


5 


3 


9 


3' 


3 


2-8 


2300 


9 


1 


8 


5 


7 


8 


7- 


2 


6 


6 


5 


9 


5' 


3 


4- 


7 


4" 


1 


3' 


5 


30 


2400 


9 


5 


8 


9 


S' 


2 


7- 


6 


6 


9 


6- 


3 


5 


7 


5 


1 


4' 


3 


3- 


7 


3-2 


2500 


9 


9 


9 


2 


s- 


6 


7" 


9 


7' 


2 


6' 


5 


5 


9 


5- 


2 


4' 


5 




9 


3-3 


2600 


10 


-4 


9 


7 


9 





8" 


3 


7' 


6 


i 6' 


8 


6 


1 


5' 


4 


4' 


8 




1 


3-5 


2700 


10 


•8 


10 


1 


9 


•4 


8' 


6 


7 


9 


7' 


1 


6 


4 


5' 


7 


5 







3 


3*7 


2800 


11 


3 


10 


5 


9 


8 


9 





S- 


2 


7- 


5 


6' 


7 


5" 


9 


5 


2 




5 


3-9 


2900 


11 


•7 


11 





10 


2 


9 


4 


S' 


6 


7- 


8 


7' 





6 


2 


5 


5 




7 


41 


3000 


12 


'2 


11 


4 


10 


•6 


9 


•8 


8 


9 


8- 


1 


7" 


3 


6" 


5 


5- 


7 




9 


4-2 


3500 


14 


•4 


13' 


5 


12 


•6 


11 


6 


10- 


7 


9 


7 


8- 


8 


7' 


8 


6' 


9 


6- 





6-2 


4000 


16 


•8 


15 


-8 


14 


7 


13 


6 


12 


5 


11 


4 


10' 


3 


9' 


2 


8' 


2 


7- 


2 


6-3 


5000 


21 


-8 


20 


5 


19 


2 


17 


•8 


16 


4 


15 





13- 


7 


12' 


3 


11 





9- 


8 


8-7 


€000 


27 


1 


25 


•6 


24 





22 


3 


20" 


'7 


19 





17' 


4 


15 


8 


14 


2 


12- 


7 


11-3 


7000 


32*8 


30-9 


291 


271 


25-2 


23-3 


21-4 


19-5 


17-7 1 

1 


15-9 


14*3 



Tablb rV. — ^Diminution of weight in the Tertical due to the heights of the lower station. 
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Correction; A [ * 00576 log. -=- j ; always to be added. 
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itiAtlnff 






















to A. 


460 


490 


530 


660 


880 


610 


640 


6?0 


TOO 


730 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


100 


0-1 


0-1 


0-1 


0-1 


01 


01 





•0 


00 


00 


00 


200 


0-3 


0-2 


0-2 


0-2 


01 


0-1 





•1 


01 


00 


00 


300 


0-4 


0-3 


0-3 


0-2 


0-2 


0-2 





•1 


0-1 


0*1 


00 


400 


0-5 


0-4 


0-4 


0-3 


0-3 


0-2 





•2 


0-1 


01 


00 


500 


0-6 


0-5 


0-5 


0-4 


0-3 


0-3 





•2 


0-2 


0-1 


0*1 


600 


0*8 


0-7 


0-6 


0-5 


0-4 


0-3 





•3 


0-2 


01 


01 


700 


0-9 


0-8 


0-7 


0-6 


0-5 


0-4 





•3 


0-2 


0-1 


01 


800 


10 


0-9 


0*8 


0-6 


0-5 


0-4 





•3 


0-3 


0*2 


01 


900 


VI 


10 


0-9 


0-7 


0-6 


0-5 





•4 


0-3 


0*2 


01 


1000 


1-3 


11 


0-9 


0-8 


0-7 


0-6 





•4 


0-3 


0*2 


0-1 


1200 


1-5 


1-8 


11 


10 


0-8 


0-7 





5 


0*4 


0-2 


01 


1400 


1-8 


1-5 


1-3 


11 


0*9 


0-8 





-6 


0-4 


0-3 


01 


1600 


20 


1-8 


1-5 


1-3 


11 


0-9 





7 


0-5 


0-3 


0*2 


1800 


2-3 


20 


1-7 


1-5 


1-2 


10 





'8 


0-6 


0-4 


0-2 


2000 


2-5 


2-2 


1*9 


1-6 


1-4 


11 





9 


0*6 


0*4 


0*2 


2200 


2*8 


2-4 


21 


1-8 


1-5 


1-2 





9 


0*7 


0*5 


0*2 


2400 


30 


2-6 


2-3 


1-9 


1*6 


1-3 







0*8 


0*5 


0*2 


2600 


3-3 


2-9 


2-5 


21 


1-8 


1-4 




1 


0-8 


0*5 


0*3 


2800 


3-5 


31 


2-7 


2*3 


1-9 


1-5 




2 


0*9 


0*6 


0*3 


3000 


3*8 


3-3 


2-8 


2-4 


20 


1-6 




3 


0*9 


0*6 


0*3 


4000 


5*0 


4-4 


3*8 


3-2 


2-7 


2-2 




7 


1-3 


0*8 


0-4 


5000 


• • 


5*5 


4-7 


40 


3-4 


2-8 


2' 


1 


1-6 


10 


0*5 


6000 


• • 


• ■ 


• • 


4-9 


41 


3-8 


2 


6 


1-9 


1*2 


0*6 


7000 


• • 


• • 


• t 


• • 


« • 


m • 


3 





2-2 


1*4 


0*7 


8000 


• • 


• • 


• • 


• • 


• • 


.. 


• • 


• • 


1-6 


0*8 
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244 BABBACES. 

BARRAGES. Fb., CaserMs; Geb., Caserns; Ital., Caserne; Span., Casemas, 

Barrack. — The ^word barrack is probably derived from the Saxon Parruc, an encloenre, or from 
the Spanish Barraccas, small huts for fishermen, and is the general term employed in thiB country 
for a building or collection of buildings of a permanent nature used for the residence of troops ; 
while buildings of a less permanent kind, such as at Aldershot or the Gurragh, we generally call 
camps. On the Continent, however, the term equivalent in sound to our barracks appears limited 
to huts or field-huts, while the more permanent buildings are called casernes, or caserme, derived, 
no doubt, from the Spanish or Italian, Com, a house. The Germans generally have adopted the 
French term. 

In the medisQval ages, and before standing armies formed a part of the institution of the 
country, soldiers were generally lodged in the different feudal or royal fortresses, which occupied 
the principal strong positions, both for offence and defence, throughout the kingdom ; but after 
the Revolution, and more particularly in Ireland, where it was necessary to keep up a very 
numerous force, we begin to find large sums expended in the construction of buildings for the 
purposes of our modem barracks. In the reign of the first George, the Royal Barracks, Dublin, 
were thus erected, affording accommodation at that period for perhaps 5000 men, on an area of 
about 14 acres, although, owing to the enlarged cubical space now allotted to each soldier, they will 
acconmiodate no more than 1800. Few, therefore, if any of our barracks present any archieological 
interest extending further back than the middle or latter end of the last century, if we except the 
generally incongruous alterations effected in some of our old fortresses to accommodate our soldiers, 
Buch as those in Edinburgh and Stirling Castles, the Tower, Dover Castle, Yarmouth, &c., &e. 
The officers* quarters at Dover Castle are a creditable adaptation of the architecture of the 
existing buildings. A very good idea of what military lodging in the middle ages was, may be 
obtained by inspecting the lower stories of Roslin Castle, the keep at Newcastle, and other 
touterraines of castles of that period. 

With the exception of a few on a large scale, built during the last century, or in the early part 
of the present one — such as those of Dublin, Cork, and Fermoy, in Ireland ; the cavalry barracks of 
PiershUl, near Edinburgh ; those of York and Canterbury — the greater part of our barracks were 
composed of mere makeshifts, many of them in the heart of large towns, cribbed and confined in 
space, overcrowded, and quite devoid of any sanitary arrangements, drainage, or even a proper 
supply of water. 

It was not until the General Report of the Commission appointed for improving the Sanitary 
Condition of Barracks and Hospitals appeared in 1861, that any idea could be formed of the 
real state of the existing dwellings of the British army in the United Kingdom, extending in 
number to 243 distinct barracks, and 167 hospitals. Many of them are described as being built 
in densely-peopled neighbourhoods, and closely surrounded by dwellings of the civil population, 
often of the very lowest classes. Some of the Metropolitan bfuracks, such as St. Greorge*B, behind 
the National Gallery, and Portman Barracks, are especially notorious in this respect, and also 
many of those in Portsmouth ; Knightsbridge Barrack is also specially condemned. In numerous 
cases, existing barracks consist of blocks of private buildings, or ordinary dwelling-houses, often 
in low neighbourhoods, in which, owing to political or other causes, it was at some period deemed 
desirable to station troops, such as me Ship Street and Linen Hall Barracks in Dublin, the 
barracks in Cashel, Galway, and many other towns in Ireland, and in the manufacturing districts 
in England and Scotland. In such cases, no sanitary improvements short of entire demolition and 
reconstruction can ever afford accommodation adequate to what modem hygiene would require. 
Even in more recent times, when money has not been spared, and it would be naturally supposed 
the faults of older buildings would be avoided, our barrack architects or ennneers have not been 
more successful — witness, the Guards' Barracks in St. James's Park, the new barracks in the Tower 
and in Edinburgh Castle, the Cavalry Barracks, Hounslow, .and many others we could mention. 
As the unit of 600 cub. ft. space a man is now generally adopted as the minimum for barrack 
accommodation, it will be sufficient to state, that when the late Commission inspected the bar- 
racks of the United Kingdom, they foxmd under the existing regulations provision made for 
75,800 men, giving each a cubic space varying from 290 ft. to 550 ft. a man ; while at the rate 
of 600 ft. a man, only 53,800 could be accommodated, showing a deficiency of barrack room for 
22,000 men. In the Chatham district alone, 100 men were accommodated in the space sufficient 
only for 57. 

The Barrack Commissioners, however, do not involve all existing barracks under a sentence of 
condemnation. Some of the block arrangements of the Irish barracks, especially those of Parsons- 
town, Templemore, Naas, Dundalk, Island Bridge, and Beggars' Bush Barracks, near Dublin, are 
oonmiendea, as well as the more modem barracks at Bury and Ashton, in Lancashire, and York 
Cavalry Barracks. 

The recommendation of the Commission generally as to drainage, warming, water-supply,- 
ablution, and other sanitary arrangements, have been gradually carried out wherever possible 
during the last seven or eight years, although, from economical motives connected with the War 
Department Administration, much remains yet to be done. 

The most recently built and improved barrack in London is that of Chelsea, near the Royal 
Hosptal, constructed for a battalion of the Guards, from the designs of G. Morgan, who 
obtamed the appointment of architect by public competition in 1858-%. It possesses all the 
required necessaries and accessories for modem military dwellings, including gvmnasium, married 
soldiers' barracks, chapel, provost, stores, hospital, and so on, and cost on the whole a sum of 
296,000/., or about 245/. a head, including all ranks; but which sum included the purchase of 
a verv expensive site. 

The subjoined sketch. Fig. 554, shows two units of barrack-rooms, complete, with the passage 
between them, or one floor of a barrack-house, in the new Chelsea Barracks. Each house, as it con- 
sisted of two or three floors, would contain four or six units, to accommodate twenty men each. 
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Chelses Barracks oonBists siinply of a immber of units such as those shown in Fig. 554, extending 
in a straight line of about 1000 ft. in length, with a detached building for the staff-officers at one 
end, and fbr the staff-sergeants at the other. In the rear are placed the misoelluieous buildings. 
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The synopsis, given page 247, shows the different buildings deemed necessary for the accom- 
modation of a battalion of infantry 1200 strong. 

Married Soldiers' Quarters. — During the last few years, quarters for married soldiers, Fig. 555, 
affording one room of about 220 superficial area to each married soldier, or about 6 per cent, on 
the regimental strength, have been built 
at the principal barracks in the United 
Kingdom, with all necessary out-offices, 
washing and ablution rooms, at a cost of 
about 180/. each man. 

Constructive Elements of Healthy Bar- 
rack-rooms, — The elements of healthy bar- 
rack-room construction are : — 

1. Accommodation for 20 to 80 beds 

in each room, at 600 cub. ft. 
per head. 

2. Height of room, 11 to 12 ft. 

8. Brewlth of room, 19 to 20 ft. Ground-plan of Married Soldiers' Quarter. 

4. Windows equal to one-half the '^ 

number of beds, arranged on opposite sides of the room. 

5. No more than two rows of beds in each room; and 5 ft. in breadth, at least, allowed for 

each bed. 

6. No barrack-room to contain a sergeant's bunk. 

Each barrack-room should have a sergeant's room opening from the landing or passage ; and 
connected with the barrack-room, and opposite the entrance, there should be a well-lighted and 
ventilated lavatory, with fixed ablution-basins, and proper water-service laid on. One oasin will 
be sufficient for every ten men. In the same room should be placed a night-urinal. 

The barrack-room unit would then consist of (1) barrack-room, (2) sergeant's room, (8) ablution- 
room, (4) night-urinal ; and a barrack would consist of a number of these units arranged as the 
available space may allow. 

Lighting. — Home barracks are now generally lighted with gas, except in very remote situations. 
No gas, at the public expense, is allowed for officers' quarters, except for the mess establishment 
and passages. Gas-lights, when properly arranged, afford great facilities for the improvement of 
the ventilation of soldiers' rooms. 

Articles of Regutation-pattem^ ^c. — To ensure uniformity as well as economy, articles of regula- 
tion-pattern, such as iron shelving, skirting, latrines, and ablution apparatus, ash-bins, sinks, 
cooking apparatus of every kind, wash-house fitments, urinals, and so on, are now used generally 
both in construction and repair of all barracks in the United Kingdom, as well as those in the 
Colonies when circumstances will admit. Rules are also laid down for the thickness of floors, 
description of doors, gates, &c., to be used generally. The external painting of barracks is 
performed everv four, and the internal every seven years. 

Although tne majority of our barracks have been constructed without any regard to their 
defence in case of attack by a mob or insurrectionary body, yet, within the last few years, it is laid 
down as a general rule that they should be sufficiently fortified, by loop-holed fianking defences 
or otherwise, to resist a coup de main at least. Many of the Irish barracks are so constructed, and 
those at Ashton and Bury, in Lancashire, have inking defences at the angles. On the other 
hand, we find many barracks so commanded by surrounding buildings, as to be hopelessly untenable 
in case of a resolute attack. 

In addition to the buildings themselves, the War Department provides the necessary articles of 
furniture, bedding, and cooking utensils for all soldiers' and non-comnussioned officers' quarters. 
For officers' quarters, large fixtures only, such as presses, kitchen tables and dressers, racks and 
pins, curtain-cornices, and so on, are provided at the public expense. All wilful damage committed 
oy the occupants must be made good by them without cost to the public. 

Maintenance. — ^Both tiie designing and repairs of all barracks are now carried on under the 
supervision of the Director of Wor)^ who has under him the officers of the corps of Royal 
Engineers and the Civil Branch of Royal Engineers' Department. Formerly there was a Bqard 
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of Gommiflsioiien for Barracks, bat their office was abolished by the late Duke of WeUington m 
1818, when Master-General of the Ordnance, and their dnties transferred to the corps of Royal 
Engineers. An officer named barrack-master is placed in local supervision and charge of all our 
principal barracks. 

The total stun voted for the construction and repairs of barrack buildings 

in the United Kingdom, for the year ending 31st March, 1869, was . . £319,229 
For those in the Colonies 142,905 

Total £462,234 

Faulty Constniction, — The principal faults in the construction of existing barracks are those of 
site, defective drainage, and ventilation ; the crowding of the blocks of buildings too close on each 
other, or piling floors too high ; back-to-back barrack-rooms with windows only on one side, as in 
the Wellington Barracks and Edinburgh Castle, are especially condemned ; also long, narrow, dark 
corridors, as in Honnslow Barracks ; defective water-supply and the use of wells generally ; and 
placing the soldiers' rooms over the stables, as is the case in too many modern cavalry barracks. 

Approved Construction. — The approved construction of a barrack may be comprised in a few words. 
It should be as simple, yet as duraole as possible ; the walls built hollow, to preserve the rooms from 
damp, and the spaces under the floors properly ventilated ; the floors and stair-cases to be fire- 
proof, the' former constructed of wrought-iron joists, bedded in concrete, and the latter on as easy 
inclines as possible. Provision should be made for collecting the rain-water falling on roofs, 
which is always valuable for washing and cooking purposes. The site should have sufficient 
elevation to afford easy drainage, and every care should be taken to make all parades and exei^ 
cising-grounds as solid and dry as possible. Fresh air, warmed by proper stoves, should be intro- 
duced into each room, so as to keep the temperature as near as possi ole steady to 60^^ Fahr. ; while 
up-cast shafts, to remove all foul air, should be formed from each room at opposite comers. The 
latrines, urinals, ablution-rooms, and baths, should be plentifully supplied with water laid gd with 
a proper head of pressure, either by direct service or from tanks or cisterns placed at a proper 
lieight. The introduction of wrought and cast iron in joists, sashes, &c., recommended wherever 
possible, as the wear and tear of material in barracks is enormous. The floors should be of wood, 
out those of ablution and bath rooms of asphalte ; and of cook-houses, &c., flagging or tiles of a 
durable nature. 

Regimental Hospital Establishhekt. 

7 per cent, to be provided on barrack accommodation. 
1200 ft. of cubic space a bed, and 80 to 100 sq. ft. a bed. 



Wards :— No. 2 large 1020 x 26 x 14 
„ small 20 X 13 

Waiting-room 18x11 

Day-room 18 x 15 



Ground Floor. 

FeeL 
No. 2 nurses* rooms 11 x 9.4 

Surgery 18 x 11 

Scullery 11 x 9 

Water-closets, sinks, &c. 



Orderlies' room 26.9 x 18 

liavatory 8x5 

Water-closet and urinal. 



First Floor, 

Clean-linen store 20x13 

Bedding-store 15x10 

Pack-store 18 x 11 



Kitchen Building, 

Quarters for hospital-sergeant aiid steward, one room each 20x13 

Kitchen 15x14 



Scullery and beer-cellar 

Cook's room 

Room for medical comforts 



Size 

according to 

available 



Larder J { space. 

Yard. 

Feat. 
Dead-house 12 x 12 



Feet. 
Foul-bedding store.. .. 10 x 8 

Coal and wood stores .. lO x 8 

Wash-house and laundry, each 14 x 16 



No. 4 latrines. 
jf urinals. 



Cavalry Barracks, — The general arrangements, and cubical space, for the officers and men, mess 
establishment, &c., of a barrack for a regiment of cavalry, do not differ much from the accommo- 
dation provided for an equal number of infantry. The open areas for parades, exercising-grounds, 
and the like, however, require to be larger. 

In modem cavalry barracks several important sanitary improvements have been recently 
made. In many of the older existing barracks, including Knightsbridge, Regent's Park, Honnslow, 
Hampton Court, Brighton, York Old Barracks, Hulme, Preston, Sheffield, Canterbury, Piershill 
near Edinburgh, Dublin Royal Barracks, Island Bridge, and several others, the men's rooms are 
situated over the stables, an arrangement which possesses some conveniences, but which is strongly 
condemned in the Report of the Barrack Commission of 18G1. We may mention among cavalry 
barracks in which this objectionable arrangement does not exist, those of Dundalk, see Fig. 556, 
which is one of the best of all our cavalry barracks ; Newbridge, near the Curragh Gamp ; Cahir ; 
the New York Barracks; Maidstone, and other places. 
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Stnofsib of ▲ Barrack to ooktais a Battalion of Infantry 1200 Strong, or 12 Companies. 



1 Lieat^-ooloaaL 

2M^}on. 
IS Captalniw 
14 Uentenaata. 
10 Ehalgna. 



1 Fhymaster. 

1 Adjatant. 

1 Qnartermaat^. 

iSnrgeoo. 

1 AMistant-nDgeon. 



1 8tair-sergeantB» Class A. 

18 tf »t »» B» 

23 Married Sei|{MntB. 
12 Single 

24 Drammen. 



* • 



60 Corporals. 
T6 Married Soldiers. 
874 Privates. 
' 1 Oantften Sergeant 
llibrarlan. 



1 Mess-roan. 

1 Meas-waiter. 

lOook. 

3 Com. Officers' Servants. 

Stabling for 8 homes. 





AOOOMMODATION. 




a) 

Oomaandlng OffloeiB* 
Quarters. 


(2) 
Field OflloerB' Qoarten. 


(8) 
Ofiken' Quarters. 


ai) 

Regimental Storea. 


Feet 

2 Sitting-rooms . . 30 x 18 

3 Bed-rooms .. .. 20X18 
2 Servants' rooms. . 16 X 15 
Kitchen, scullery, larder, 

water-closets* and other 
oat^<iffioea. 


¥^et 
1 Sitting-room .. .. 18x16 

1 Bed-room 18X16 

1 Servant's room . . .. 16X15 
Water-closet, small yard, and oat- 
house. 


Feet. 
1 Room each .. .. 18X16 
Servant's room, for 3)^ ,e ^z i« 

office™ } 18X16 

Water-closet8» 1 for 4 officers. 

Sink. 

YanL 

Oui-houss. 

Latrine, 1 for 10 servants. 


Feet 
Bread-store .. .. 18X16 

Meat-store 18X1« 

aoihing-store .. .. 36X18 

Shifling-room. 
YaxxL 



(4) 
Mess EstabUshment 


(6) 
Mess-man's Quartera. 


(6) 
Non-oom. Officers' Quarters. 


(7) 

Sergeants Mess Establishment 


Feet 
Mess-room .. 46X25X16 
Ante-room .. .. 30X25 
No. 3 water-closets. 
Urinals and lavatory. 
Mess'walter's room 18 x 14 

18X12 
Ptntry. wash-up room. 
PUte-doset. 

Wine-cellar and smaller offices 
at rear. 


Feet 
2 Living-rooms .. .. 18X16 

Store 10X12 

Beer-cellar 18 x 16 

Mess-kitchen 25X20 

Scullery 18 X 12 

Larder 18X8 

Ooal-store. 
Water-closet 
Latrine for servants. 
UrinaL 


Feet 
1st class Staif-sergeant ) 1 n V 1 ^ 
8 rooms .. .. ..J*'*^" 

3nd class ditto, 1 room 16X14 
Water^loset l on each floor. 
Sinks 

Ablution-room for men 10 X 10 
, , , , women 10 x 10 


Feet 
Mess-room.. .. 40X20X13 

Store 12X10 

Kitchen 20X20 

Scullery 15X12 

Larder 16 X 7.6 

Beer-oellar. 

Coal-cellar. 

Cook's living-room .. 20X16 

Yaid. 

Latrines, No. 2. 

Urinals, No. 2. 

Shed lOX 8 


(8) 
Married Soldiers' Quarters. 


(9) 
Soldiers' Barracks. 


ao) 

Orderly, Guard Rooms, Ac. 


Means of Recreation and Exercise. 


Feet 
1 Boom eadi . . . . 16 X 14 
Water-closet and sink, 

1 to each lloor. 
Men's ablution-room. 
Women's , , 
4 Men's latrines. 
4 Women's latrines. 
6 Children's , . 
Urinals^ 
Yard. 
Wash-bouse .. .. 46X20 

Laundry 24 X 20 

Bath-room .. .. 30 x 6 
Diylng-gronnd according to 


Feet 
Non-com. offlcsrsT mess,) , . ^ , . 

1 *nnm ^^ > 14 X 14 

I room 3 

Soldiers' rooms, No. ) 
38, for 34 men V 70 X 20 x 12 
each ) 

Ablution-rooms. Na 38 14 X 10 

Night-urinals, No. 38. 

Cook-houses, Now 3 40X30X14 

Latrines, No. 48 compart- 
ments. 

Urinals, No. 48. 

Bath-house, Non-com.) ,« ^. « 
officers' J-17X6.6 

Bath-house, soldfen* ..27.6X17 
Attendant's room .. 17 x 8 
Shedfortoola .. .. 30X10 


Feet 
•Orderly-room .. .. 18X13 
Clerk's room . . . . 24 X 18 
Paymaster's office . . 18 X 14 
Guard-house . . . . 31 X 18 
Guard-room cells, No. 5 10 X 8 
Prisoners' room . . 24 X 18 
Night^urinal. 
Ablution-room. 
No. 3 latrines. 
No. 3 urinals. 

Armourer's shop . . 13 X ^3 
Armourer's store . . 13 X 13 
Shoemaker's shop . . 30 x 18 
Tailor's shop .. .. 34X18 
Master tsikr .. .. 18X16 


Feet 
Game-room . . 65 X 30 x 16 
Readhig-room .. .. 50X30 

Library 14X11.7 

Ooflee-room .. .. 16X13.6 

Lavatories 16 X 8 

Librarian's room . . 14x11.7 

2 I3ed-rooms .. .. 14X11.7 

Latrine, 3 compartments. 

Na 2 urinals. 

No. 2 fives' courts . . 55 X 30 

Cricket-ground. 

Skittle-ground. 

Gymnasium .. .. 80X40 

ing room . . . . J 
Drill-ground, as space permits. 
Drill-shed. 
Practice-room for band 37 X 18 

• 


Divine Worahlpi 


Canteen fistabUahment 


Gen Establishment 


Barrack-master's Establishment 


Feet 
Chapel sdiool . . 80 x 58 
Infsnt school. . . . 25 x 15 
•Teacher's room .. 14X11 
Bed-room .. .. 14X11 
Kitdien sad offices. 
Playground. 
Schnolmasters* qusrters as 

Staff-serRcants. 
Latrines for boys and girl& 

• Female. 


Fe«t 
Canteen shop .. .. 18X16 

,, bsr 30X 8 

., store 16X10 

,, cellar .. .. 16 x 7 
,, No.3 .. 18X16 

Tap-room 60 x 36 

No 3 living-rooms fo^l,|..^^ ,^ 
canteen-roan .. ..J*'^" 
Kitchen and scuUery. 
Yaid. 
Latrines and urinals. 


Feet 
(Proportion 3 per cent 

on aocommooatlon.) 
No. 30 cells . .13 X 7 .6 X 10 
1 Sink and urinal on each 

floor. 
1 Water-closet ditto. 
Latrine in yard. 

Shed for shot-drill .. 40X30 
Ezerdseshed .. .. 50X10 

Kitchen 16X14 

Yaitl. 

Provost-sergesnfs quarters ss 

for Class A. 
Staff. 
Coal-store. 
Water-closet 


Feet 
Barrack office .. .. 18X14 
Barrack-sergeants' qusr- 
ters as StaJf-aergeantfi. 
Foul-beddins store .. 30X30 
UDserviceame storea 33 x 30 

Meat-store 30X20 

Coal-yard 60X60 

Coal-shed 60X30 

Engine-house. 
Ladder-shed. 
Meter-house. 
Latrine and urinal. 
Hospital establishment Sea 
Hotpkak 
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The shelves and other fittings of cavalry barracks are nearly identical with those of infantry, 
except that some modification and provision must be made for racks for lances, swords, pistols, and 
carbines, with which the cavalry soldier is armed. 
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Block-plan of Cavaliy Barracks, Dundalk. 



Cavalry stables, when they do not form a part of the range as above mentioned, are generally 
placed behind the main buildings, and are either built double, that is, with two rows of stalls and 
a passage between them, or single, with one row of stalls — in either case, the stall being considered 
as the imit. The cubical space allotted for each horse is about 1200 ft. The double stables have 
a width of 30 ft., the single 17 or 18 ft., with an average height of 10 ft. The size of the sinele 
stall averages 9 ft. 6 in. from the wall to outside of heel-post, and the width 5 ft. 7 in. The width 
of a stall for an officer's horse being 6 ft. Officers' stables have saddle-rooms, and separate hay 
and straw stores, with doors sufficiently large to admit a carriage. The stable accommodation 
provided for officers is that of the number of chargers they are entitled to draw forage for. Hospital 
or infirmary stables are also provided, in the proportion of 6 boxes and 14 stalls to every regiment, 
at the present establishment of 253 horses. 

The drainage and ventilation of our cavalry stables are now carefully attended to. Ceilings to 
stables were formerly considered as indispensable, yet many are in favour of open roofs well ven- 
tilated at the ridge, and the under-side of rafters lathed and plastered to prevent the fall of dust. 
The stalls are generally paved with granite pitchers, 6 in. x 3 in., laid diagonally in Portlimd 
cement to a slope from front to rear of 1 in 80, and falling from the centre of stall to each side 
1 in 40, with a dressed channel of stone or terra-cotta emptying into a trapped underground drain 
outside, and quite clear of stables. Local materials, however, in many cases, may be used. 

The fitments of all cavalry stables are of cast and wrought iron, of a uniform established 
pattern. Figs. 557, 558, 559. The horses of the privates are separated by swing bales of hollowed 
wrought iron, 2{ in. diam. The hay-racks and mangers are horizontal, supported by cast-iron or 
stone corbels built into walls. The use of the old-fashioned over-head nay-rack and wooden 
manger is discontinued in all military stables. 

The walls of officers' stables are boarded to a height of 7 ft., and the stalls separated by 1} in. 



ton^ed oftk partltkou, let into CMt-iroD Mpping and Bole-pieoM. The external doora ue doable^ 
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Wronght-iTon own-bim we protided in each h»y and Btraw atore ; and in the troop stables tl 
Bddlery it kept on vnfloght-iron braoketa, Bcrewed into the heel-poets ot cast iron. Officer 
wddle-roonu are ptorlded with a small rtove ; and gas and water are genorallj laid od to all stabli 
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Blables ahould be placed tram 30 to 
40 ft. in rear of the men's qnarters, and 
large oorridora, oorered with glass roofs, 
■honld be formed between them, so as to 
afford shelter to the men attending the 
■tables in wet weather. At other times 
the; can be atllized as drill-oheds. The 
Utter-stalls, manure-pits, Ac,, placed in 
rear of stables. 

The following buildings are generally 
included in a project for a cavalry bairack : 
— a riding-Bchooi ; stores for forage, accord- 
ing to local circnmstances : foiges: shoe- 
ing-aheds ; medicine-room ; litter-stall^ Ac. 
(and where srtiller; or military treiu are 
qnaitered, provision most be made for gnn 
and carriage sheds, Im., Ac.) ; norluhopa 
for saddlers, harness-makers, io. 

In less, when prizes were of^red for 
the beet deeigni for barracks for mfantry 
and oavalry. Hi. H. Wyatt obtained that 
for the latter, and afterwards prepared 
{dans for a cavalry barraok at Nottingham, whiob, however, owing to some local difflcnllie* as to 
site, Ac., has not as yet been carried ont. The synopsis used by him and all the other oompelitois 
was from the Blue-Book conlainins the Report of the Committee on Barrack Accommmlation in 
the Army, with the Minutes of Evidence, dated 1855. 

Caiemattd Barracla.—la nearly all our recently erected fortiflcations, convenient bomb-proof 
barracks or casemates for the garrisoos are provided, with all the necessary store and other 
aocommodation, and forming a vast improvement on the old casemates at Chatham, Cork Htirbonr, 
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Plymouth, and other places, which were so justly reprobated by the Barrack C9mmi88ion. The 
new caaemated barracks thiis constructed wUl allow the War Department in some degree to make 
up for the loss of accommodation caused by the enlarged cubical space now allowed to each man, 
without any particular outlay for this specific object. Properly arranged, a caaemated beurrack ia 
quite as dry and healthy as one of ordinary construction. 

Temporary Barracks. — For some time prior to the Crimean war, the formation of large camps, 
composed not of tents, but of buildings of a more permanent nature, and capable of acconmiodating 
not one or two regiments, but a large corps d*arm^e of from 10,000 to 15,000 men of all arms, and 
necessary war material, had found much favour in the eyes of the military authorities. Com- 
mencing with the encampment on Chobham Heath in 1853, the great military camp at Aldershot 
was next projected in 1854, the site being on a vast expanse of waste land or heath on the 
borders of Uamipshire and Surrey, within a conTcnient distance of the metropolis (about 35 miles) 
and our great naval arsenal of Portsmouth, and easily reached by the South-Westem Bailway, 
which passes within a short distance of it. Aldeishot can now accommodate 20,000 men ; and 
probably up to this date not less than 1^ million sterling has been spent on it. 

Another grand training-camp for the troops stationed in Ireland is that of the Curragh, 
situated on the vast plain of that name in the county of Kildare; it was formed in lj855 for 
10,000 men, but is now capable of accommodating many more. There are also large temporary 
barracks at Colchester ; Parkhurst, in the Isle of Wight ; Chichester ; and Shomcliffe, near Dover. 
The huts of these camps are principally of framed fir, clap-boarded, and covered with asphalted felt, 
with a central nucleus of bride fire-places. The framing is raised off the ground by brick sleeper- 
walls in every case. 

The original temporary buildings are being now, especially at Aldershot, gradually replaced 
by others of a more permanent nature. 

The sanitary arrangements, water-supply, roads, &c., of our large camps are generally satis- 
factory, and the hesJth of the troops better than in barracks situated in large towns. 

The principle of construction in our temporary barracks is simply the arrangements of the 
different units of accommodation for soldiers' and officers' huts rouna a series of squares ; in the 
Curragh Camp these squares have an area of 380 ft. x 360 ft. for drilling purposes. The soldiers' 
huts are of a uniform size, 40 ft. x 20 ft., and accommodate 25 men each. The officers' huts are 
divided into 8 small rooms about 9 ft. square, and the sergeants' something similar ; so that space 
is economized as much as possible. The officers of higher rank are of course better accommodated ; 
but married officers have a just cause of complaint in the verv limited space allotted to them, and 
the wooden buildings in winter afford anything but comfortable lodging to their occupants. The 
cost of a soldier's hut may be estimated at 85/. each. 

In Parkhurst Barracks the huts are covered with a rebated tile, which extremely resembles 
brickwork, and forms a very warm %nd durable covering. 

The arrangement of the old Boman camps, as described by Polybius and Hyginos, might be 
studied with improvement by modem military engineers. 

Indian Barracks, — Very extensive improvements have of late years taken place in our Indian 
barracks, involving indeed nearly a complete reconstruction. A cubical space of 1500 ft. per man 
is now allowed, and all the builoings are raised some feet from the ground, and surrounded on all 
sides with a verandah, 10 ft. 6 in. wide. A barrack-room for 24 men — and they seldom hold less — 
is 100' X 24' X 15'. They never exceed two stories in height. Ventilation and drainage are care- 
fully looked after. They are wanting in none of the conveniences and luxuries (if they may be 
termed so) of our modem home-barracks. A sum of not less than 10 millions sterling has been 
lately provided by the Indian Government for the purposes of barrack improvement and recon- 
struction, showing how vastly important this subject is considered in our Indian empire. See 
'Suggestions for Improving Barracks at Indian Stations,' issued by the Secretary of State for 
India, 1864. 

Foreign Barracks. — On the Omtinent, barracks are much more numerous than in England. 
They are generally on a much larger scale and with greater architectural pretensions, although 
very often deficient both in material comforts and sanitary arrangements ; their position, too, ia 
more influenced by political considerations than English barracl^ are. The men's quarters in 
continental cavalry barracks are, like many of our own, often placed over the stables. Generally 
speaking, the soldiers' quarters are airy enough, though cold and comfortless in winter ; and our 
expensive and well fittea-up officers' quarters and mess establishment are altogether wanting. 

The great foreign camps at Chalons, in Bhemsh Prussia, Silesia, &c., are on a much more vast 
scale that any of ours, and have their huts generally form^ of sod or wattle, thatched with reeds 
or straw ; but these are only occupied during the exercise months in summer and autumn. A 
French hut to hold 20 men is 6*50 mHres long and 4*35 wide, and 3*30 high to ridge. See 
Laisnes' *• Aide Memoire,' p. 598. 

In France, sailors as well as soldiers and marines are provided with barracks at all the large 
naval stations— a system which might be very advantageously adopted by this country, instead of 
allowing our seamen to disperse over the face of the land when their ships are paid off. 

BARRAGE. Fr., Bdrrage ; Geb., Damm Schlagbaum ; Ital., Chiusa ; Span., Estacado, 

Barrage is a French term, and signifies, in an engineering sense, the barring of a river or other 
watercourse by artificial means, in order to facilitate navigation or irrigation in parts where the 
inclUie is too rapid, and the quantity of water — from that or other causes — ^would be iosuffldent 
for those purposes were it left to spread freely and in waste over its normal bed. 

In mountainous districts and hot countries, but more especially in tropical climes, the riven 
are all subject periodically either to a great excess of water or to an almost total want thereof. 
To-day they are raging torrents, fiooding and devastating the neighbouring country ; to-morrow, 
mere streamlets, often foidaUe, and frequently reduced to the 400th part of their ordinary average 
volume. 



BAKRAOE. 251 

Such iiregalarities ezerciae » most detrimental influenoe over the intereste of the populatiozia 
where they ocoiur. The agricultural prosperity of India, for instance, suffers greatly from these 
causes ; for there, unless aided by artincial irrigation, all cultivation must necessarily cease during 
the dry season. 

In Demerara, Surinam, some parts of Georgia, and a few other places, the evil is in a measure 
guarded against by the facility which those countries possess of cutting canals and obtaining water 
from ^e interior ; but, as a rule, it may be said that there is a total absence in all tropical lands 
of that due provision for regulatipg the supply of water which is of such vital importance to the 
welfare and prosperity of everv ootmtry. 

It is not our province to dwell upon the physical causes that determine this state of things ; 
but, having referrod in a cursory manner to the very serious damage to commerce and agriculture 
arising therefrom, we propose to lay before our readers, as concisely as possible, some of the most 
successful remedies wMch the engineer's art has from time to time suggested in counteraction of 
the evlL There is, however, a peculiarity appertaining to the great tropical rivers running 
through ooimtries having dry seasons, and crossing deltas or alluvial plains, which it may l^ 
interesting to mention. It is the fact that the beds of those rivers are sometimes as high as remote 
parts of die neighbouring country, while their borders are much higher ; so that the overflow 
diverges at nearly right angles to the direct flow. The cause of the bed and sides of these rivers 
rising above the natural level of the surrounding plains is due to the earthy matteri held in sus- 
pension by the natural flow, being deposited in proportion as velocity is diminished. 

There are two kinds of barrage, the Barrage and the Barrage-mobile : early examples of the former 
are found in the permanent dams placed across streams and watercourses, so as to increase or main- 
tain their depth, for the purpose either of rendering them navigable or obtaining a fall with the 
view of propelling machinery ; the surplus water, in such cases, being conducted through sluices, 
or over by-washes, duns, tumbling-bays, or overfalls, prepared to carry it off; and, in the event of 
floods arising in the river, additional sluices being opened, in order to prevent it overflowing and 
injuring the side-dams sad adjacent property. Works of this nature may be seen on the Thames, 
on the Amo at Florence, at the reservoir of Groe-Boia, on the Canal de Bourgogne, on the Yesoult, 
at Courbeton, at Gonfians-sur-Seine, and on numerous other canalized European rivers; and 
although they will hardly bear comparison, in point of magnitude, with those executed in tropical 
regions, nevertheless many of them are of sufficient importance to deserve special mention in the 
course of this article. 

Barraoe-fixe is the term applied to permanent dams, built of masonry. 

Babbaoe-mobile, or movable barrage, is that which can be raised, lowered, or removed at will, 
and is formed partly of masonry, partly of timber. 

The most simple form of barrage-mobile is that represented in Fig. 560, where the current of 
water passes between two lateral walls, whose intervening space is partially closed by a certain 
number of small beama A, A', A", X"\ 
superposed, and forming an overfall by 
which the liquid flows into the trough 
below. The advantage of this plan is, that 
it enables the ridge of the weir to be height- 
ened or lowered at pleasure, and with very 
great facility. 

A rather remarkable phenomenon is 
connected with this sort of barrage. When 
it is required to raise it, another beam B, 
floating in the upper trough, is borne by 
the stream till it reaches B', where its ex- 
tremities rest against the rabbets that secure 
those already fixed ; but no sooner has it attained this point than it is seen suddenly to sink, 
falling straight on to the beam A'", and thus taking up its allotted position as if by instinct. 

This fact is easily explained. The space that separates the beams A'" and B' forming a kind 
of adjutage, the pressure upon the under surface of W becomes less than the atmospheric pressure 
exerted upon its upper suriface (see Hydraulics). The beam acts^ therefore, in obedience to the 
difference of those two forces augmented by its own weight. 

It must be observed that the first beams A, A', which have to be put beneath the level of the 
lower trough, do not sink thus naturally into position : in order that the phenomenon may take 
place, they must already be in sufficient number to rise above the surface of the water in the 
nether basin, so as to produce a fall. 

A difficultv arises in ascertaining the exact coefficient of the expenditure of fluid, by a dam or 
overfall, which it is important to point out before proceeding further. 

An Oterfall is an orifice, open at the top, and the lower part of which presents a fiat, horizontal 
surface called a SUL The lateral edges being generally vertical, the opening may be considered as 
a rectangle, of which the upper side has been removed ; this assimilation would still be admissible 
even in a case where the length of the sill, in relation to the thickness or depth of the sheet of water 
passing over it, was very great. 

Let L be the length of sill ; 

y the veriical distance between the, sill and the surface of the liquid at some point of the 

reservoir where it would be comparatively stagnant ; 
11 the thickness of the sheet of water passing the overfall ; 
Q the expenditure in a second of time. 

The water being supposed to flow freely into the open air, we find that for one molecule, 
starting from the reservoir without any sensible initial velocity, and actually traversing the 
vertical plane of the sill, the load varies from y to y — 17, which shows at once that 1? must be 
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smaller than y ; for, by virtue of Bemonlli's theorem (see Htdraulios), no flow can take place 
where the load is negative. The velocity corresponding to the mean load will therefore be 

and, as the section of the orifice is represented by L ly, the theoretical expenditure will be ex- 
pressed by L 17 V 2^ (y — — v]' ^> ^en, we designate by m the coefficient of expenditure as 

applied to the flow in the present instance, we shall have Q=rmLi} "V 2gly — — 17)* 

In the foregoing expression 17 and m are unknown auxiliaries that no theory has been able yet 
to determine. The only thing we know is that 17 must be smaller than y, and experience shows 

that the ratio - is inconstant, but that it rarely descends below 0*72 for overfalls having a 

y 

narrow sill : we will suppose, therefore, its mean value to be equal to 0*86. As regards m, since 
it varies very little with the load or the dimensions of a narrow-edged orifice, we may reasonably 
assume it to be equal to the mean 0*62. We thus obtain 

Q = 0-62 X 0-68 Ly tj 2g y. 0'57y 

= 0*403 LyVTJry? 

In reality, if we put Q = rhy /^ 2gyy r being a ratio that can only be determined experi- 
mentally, it is evident that it has not a constant value. MM. Poncelet and Lesbros, in 
experimentalizing upon a narrow-edged overfall, 0™*20 in length, and sufficiently distant from 
the bottom and lateral sides of the reservoir, found that r varied from 0*385 to 0*424 ; its greatest 
value corresponding to the smallest loads. The mean of these two numbers is * 405, which differs 
but little from the result 0*403 obtained above. So that for narrow-edged overfalls, placed at a 
sufficient distance from the bottom and sides of the reservoir, and flowing freely into the open air, 

we find Q = *405 L y *J 2gy nearly : but this formula may give a result either a little too great 

or a little too small, according as the ratio y- ^ fS^eieX or small. 

It is very difficult, even by approximate valuations, to keep an account of all the circumstances 
and local conditions that may tend to infiuence the value of r. We may observe, however, that if 
a canal be barred across its entire width by a nanow-edged overfall whose sill is tolerably distant 

from the bottom, and if, at the same time, ~- be small, it would be advisable to make r a little 

larger, and to put Q = 0*45 h y ^s/ 2 g y, oi, which is the same thing, Q = 2 Ly^ • 

We will now cite a particular and rather remarkable case, inasmuch as it shows how theory 
may give an increased limit to the coefficient r and ^^^ 

the corresponding value of ij. It is that where the ^ 

sill B of the overfall, Fig. 561, widening at its junction J^ _!.^-:^-==-. =~-:5Sw^ 

with the reservoir, is prolonged by means of an open — ^y ^^^f ZLnZL^^^^^^^ ^^^^^ti- 

channel, slightly inclined, wherein the liquid acquires zz—* Z^<?^ 

a sensibly imiform motion. Then the co mmon velocit y _' " — •" ^-^^A 

of all the streams passing AB is V2^(y — 1?); yj 

and, as there is no further contraction beyond the — — "^Jj 

above section, the expenditure Q is given by the , y 

formula Q = Li7V2^(y — 17). 

When L and y are invariable, Q becomes a function of 17 only, and its maximum is easily 

Q9 

found. For, in fact, . -, = i)'(y — i7) = yi7' — it": the maximum of the second member, and 

2gL? 

consequently that of Q, is found by making the derivation taken in relation to 1; equal to zero, 

2 

which gives 17 (2 y — 317) = 0, whence 17 = -- y, since 17 — would lead to an expenditure that 

3 

2 

would be nul. Then, in the expression of Q, by making 17 = ^ y, we get 

o 



Q = — ;=LyV2i^y = 0*385LyV2i7y. 
3^3 

The surface depression y — 17 corresponding to the maximum expenditure is, therefore, one-third 
of the height y, and the value of the corresponding ratio r is ' 385. As the theoretical hypotheses 
are never completely realized in practice, if the sill of the overfall be followed by a channel, r will 
very rarely attain the superior limit 0*385. According to MM. Gastel and Lesbros, the mean 

expression for an overfall like the present would beQ =0*35LyV2^y; but here again there 
may be a very great variation in the ratio r between one overfall and another. 

When, in lieu of there being a comparatively stagnant reservoir above the overfall, there is a 

current with an appreciable velocity U^, the expressions V 2 </ 1 y — - 17 1 and tJ2g{ji^i(^ 
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ooDfiidered above, no longer represent the velocity of the streamB of liquid paasing over the sill. If 



we call that velocity U, Bernoulli's theorem then gives 



Ua-U,« 



= y "2^101 



U« - Uo* 



= y-'?, 



2g " 2'"'" 2g 

according as the question has reference to an orifice discharging freely into the air, or to one 
followed by an open channel. 

Although, in a general sense, it is possible to tell^ with a sufficient degree of exactitude, the 
velocity with which a liquid flows from a narrow-edged orifice — ^whether that orifice be plane, or 
widening towards the interior of the reservoir, or followed by an open channel slightly inclined — 
there yet remains one quantity of far greater practical importance, which, unfortunately, it is not 
so easy to ascertain, and that is the expenditure. This last depends not only upon the velocity 
with which the molecules pass the plane of the orifice, but also upon the angles at which the 
several liquid streamlets intersect that plane, angles that vary from one point of the orifice to 
another according to laws at present unknown. The only positive assertion that can be made is, 
that the real expenditure of water is less than the product of the area of the orifice by the velocity 
of the streams traversing it, which quantity has been improperly termed the theoretical expenditure. 
We have indicated several numbers which, in certain special cases, will afford an approximate 
solution of the question. In reality, however, in each of those particular cases the coefficient of 
expenditure is inconstant, and varies according to secondary circimistances, whose influence is very 
imperfectly known, such as the dimensions of the orifice, and its position in relation to the bottom 
ana sides of the reservoir. Consequently, the only advice we can give, when the approximation 
obtainable by the mean coefficients of expenditure which we have indicated is not deemed suffi- 
ciently satisfactory, is to select from known collections of experiments those that bear the closest 
relationship to the case under investigation, and to borrow therefrom the coefficient that appears 
to be the best applicable. 

The Tables at the end of this article, and which are taken from the more complete and extended 
ones published by MM. Lesbros and Poncelet, give the coefficients of expenditure which we con- 
sider the most useful in practice. 

The abrupt sectional changes that take place in watercourses give rise to various problems 
that are of great interest to the engineer. Unfortunately, the actual state of science renders it 
impossible at present to solve them in so satisfactory a manner as would be desirable. In the 
following example, theory supplies us with a few data — incomplete and inaccurate, no doubt, — ^but 
capable, nevertheless, of being utilized in practice. 

Under ordinary circumstances, the sill of the barrage is higher than the level of the water in 
the lower trough ; but, where the current is variable, it sometimes happens that the latter rises 
above the weir, as shown in Fig. 562 ; the barrage is then said to be noy€y or submerged. 

Let us suppose a barrage, or overfall, to be thrown across a watercourse, of which the level — 
and consequently the expenditure— are variable : in order to simplify as much as possible the cal- 
culations that have to be made, we will imagine the channel in the vicinity of the barrage to be 
rectangular and the bottom horizontal. The expenditure having a definite and known value, it is 
required to find : 1, the greatest height to which the lower level of the water can rise without in 
any way affecting the upper level ; 2, in the case of that limit being exceeded, what would be the 
nature of the fall that would ensue from the upper to the lower trough. 

Let L be the width of the current ; h^ its depth above and a few metres from the weir ; U^ its 
mean velocity at that point ; h and U analogous quantities for a section taken a little below the 
fall ; c the height between the crest of the weir and the bottom ; v the velocity of the sheet of 
liquid passing over the crest : ri the thickness of that same sheet of liquid. 

There being no lateral contraction, if the barrage acts as a narrow-edged overfall, the expen- 
diture Q will be given by the formula Q = 0-45 L (^A, - c + ^^ V^2^ ("a, - c + 5l) . 

If the crest, instead of being narrow-edged, happened to be of some considerable length, with 



undergo. a certain reduction, and descend to 
37. The formula holds good so long as the 
accomplish which it is necessary only that 
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a slight incline, then the coefficient 0'45 ought to 
0*385, or even to a lower number, such as 0*36 or 
overfall empties itself freely into the open air, to 
the level of the water in the lower trough be 
beneath the crest of the weir. When it exceeds 
that point, but only by a quantity less than 17, it 
Appears evident that the formula must not be modi- 
fied ; the very utmost that can happen is that the 
streamlets, losing their parabolic form, and becoming 
parallel as they cross the overfall, as in the case 
when this latter is of any great thickness or width, 
the numerical coefficient woidd have to be reduced, 
as just stated ; which woidd tend slightly to raise 
the level above the weir, the expenditure remaining 

the same. In examining the question more closely, it is seen that the level below the weir may 
be raised even higher yet without any perceptible alteration taking place in the expenditure. 

Effectually, if we apply the general theorem of the quantities of motion project«i, to the liquid 
contained between the vertical plane A B, Fig. 562, which passes through the sill of the barrage, 
and the section C D where the velocity is U, it will at once be found that the algebraical incre- 
ment of the quantity of motion of the system projected along the horizontal line during a very 

short space of time, fl, is (U — tj), admitting that all the molecules of the same section pos- 

g 

sees the same velocity. As to the impulses, we need only keep account of those produced by the 
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pressure Ob the surfaces BAB and C D, disregarding the atmospheric pressure which acts uni- 
formly upon the entire system. These pressures must accord very nearly with the hydrostatic law, 
in the first place because the streams are ostensibly parallel as they traverse A B and G D, and 
because the motion of the liquid in contact with A E is comparatively alow ; hence the value of 



the projected impulse is - - n fl L |(c + ij)^ — A' >. We have, therefore, 



or. 



2^ 



Q 



by simplifying, ^ — (XJ — t>) = (c -f i?)' — A'. We moreover have ■=- = c ij = U A ; and, by 

1j Q Li 



2tJ» 



T- = 



(c + fiy — A', equation 



eliminating Q and U, the former expression becomes ^^-^ v ( ■ 

of the third degree in A, whence that quantity might be deduced if v and 19 were known. In order 
to find those unknown auxiliaries, it must be admitted, in conformity with what has been seen in 
the theory of the overfall, that the surface depression Ag — 1? ^ c, above the fall, is connected 



A^ — ij — c-f-^ ) = A^ — c + •^, whence 
£g/ ig 

derive 817 = 2( A^ — c+r-^j, which, in combination with 



we 



<i = »»7 !'(*.-«+ i7)v'2ff(Ao-o + 5^') 



in order to find n, woidd give Q = 0S7L x ^i»V2^X5-i? =0-68Ln v 2<7i). 



Having found % we calculate v 



Q 



and we thus obtain the necessary elements to arrive 



at the numerical value of A. If, on the other hand, the depth of water below the fall were to 
exceed the aforesaid limit, what would be the depth above the weir ? 

In order to answer this question — supposing the expenditure Q to remain constantly the same — 
let us indicate the alteration that takes place in ly, 0, Aq, U^, A, by ly', o', A'^, U'^, A': we then get 
the following equations : — 

whereof the first and two last are known ; the second is an immediate application of Bernoulli's 
theorem to the passage of a molecule from the section F G, where the velocity is U'o, to the section 
AB. By means of these four equations the unknown quantities i/, 1/, A'^, U'^, may be deter- 
mined, when Q and A' are given. The thickness rf of the sheet of water A B cannot be calculated 
by the same expression as % because the barrage acts no longer as an overfall. 

The influence of a barrage, when submerged, becomes less and less perceptible ; that is to say, 
the fall A'o — A' grows smaUer and smaller as the level of the water below the weir rises. This 
will be understood a priori^ without any mathematical demonstration ; for, if the barrage be covered 
by a sheet of water much higher than itself, it will then occupy but a small fractional portion of the 
transverse section, and thus, in a measure, may be compared to a slight undulation of the bottouL 

BateaurvanMy or floating-gate^ is the name given to a sort of self-acting, movable barrage, 
invented by M. Sartoris, and which, in point of simplicity, comes next under our notice. It is 
used chiefly for purposes of irrigation, and for regulating the supply of water in mill-ponds, and 
is as follows : — 

A caisson, or hoot as the French term expresses it, A A, whose transverse section is rectangular, 
rests against two stone piers, the space separating 
these being partially closed by a platform B B', 
Fig. 563, raised above the bottom C of the 
river. The water passing between A and B has 
a certain velocity U, While the streams that 
pass beneath the boat have a less velocity XJ'. 
If we call A the height of A below the level N, 

we have _— = A. On the other hand, if, 
2g ^ ' 

within a given section D D', all the streams 
could be reckoned as parallel and having an 
equal velocity, and a and 6 were taken to desig- 
nate the heights A B and D D' — the opening 
being supposed to be rectang^ular — the incom- Q. 
pressibility of water would give U a = U' 6, 
which relationship is necessary in order that 
the mass of water comprised between A B D D' 
may remain always the same. Finally, by applying Bernoulli's theorem to a molecule passing 
from the point D, with a pressure p' and a velocity U', to the point A where those quantities 
become p and U, we have the equation 

n - 2y ' 
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From these three relations it Is not difficult to deduce 



P'-P 

n 



-('-»-) 
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This calculation of the pressure jf upon the bottom of the float may be a little uncertain, espe- 
cially as the velocities of the molecules that traverse the section D D' are not all equal, and the 
converging of the streams towards the orifice A B prevents them also being horizontal ; but it is 
quite sufficient to show that />' must be greater than p, and that the excess increases with A. The 
weight of the boat and its friction against the piers may sometimes be inadequate to establish 
equilibrium with the vertical force produced by the excess />' — p ; in that case this 1b what is 
done : on the side facing the upper trough are several cooks, bv means of which water enough is let 
into the caisson to balance it in the position it is intended it shall occupy. If it be required to sink 
it lower, more water Ib let in ; if, on the contrary, it has to be raised, another set of cocks, facing 
the lower trough, are opened, the water flows from them, and the boistt rises as it becomes lighter. 

The two following styles of flood-gate are by M. Chaubart. They have been tested on the 
canal that borders the Ckironne, with very satisfactory results, and for which the inventor received 
great praise. It would seem, therefore, that they may be serviceably employed for purposes of 
navigation and irrigation, as well as in regulating the level of mill-ponds. We have thought proper 
to introduce them here because they b^ a rather close relationsnip, in principle, to a system of 
barrage-mobile now getting into very general use in France, and of which we shall presently have 
to sp«kk at some length. 

Firtt Plan, — ^A canal, whose section is rectangular. Is dosed by an inclined gate A B, Fig. 
564, occupying its entire width. To this gate is permanently fixed a quadrant G D, made of cast 
iron, which roUs on the horizontal plane £ F. When 
the gate is in its initial position, the level N of the 
water touches its smnmit,- and it must be so arranged 
that the resultant of the forces of gravity and the pres- 
sure of the water, acting upon the apparatus, shall pass 
through G, the actual point of contact of G D and £ F. 
£quilibrium is then established. But if^ from any 
unforeseen cause, it so happens that more water comes 
into the trough above, and that the level N rises, the 
centra of pressure rises with it, and the resultuit ad- 
vances in front of G. The g^te then swings en hasculey 
till it assumes the position A' B', and the point of con- 
tact of the curve is removed from G to G', while the 
surplus water runs off both at A' and B'. 

It may so happen, when in this new position A' B' — if the curve G D has been properly deter- 
mined — that the resultant will pass through G after the level has returned to N. In that case it 
is clear that the gate will remain in the position A' B', and that it will only quit it when a further 
rise causes its angle of inclination to be mcreased, or when an additional fall in the level forces it 
to right itself. La a word, whatsoever position it may assume, it will only remain in equilibrium 
So long as the level of the water in the tank reaches its normal height : — a greater height will 
widen the outlet, a less height will contract or close it. The apparatus may consequently be used 
to ensure a constant level of water in a reservoir where the supplv is variable. 

Second Plan. — By the aid of the gate just described, M. Ghaubart has solved, as we have seen, 
the problem of obtslning a constant level in a reservoir where the supply is variable. Now, on the 
contrary, it is wished to get a constant and equal supply of water through a rectang^ar opening 
in a tank where the level varies. We will explain in what maimer H. Ghaubart has effected this 
object. 

When in its natural position, the gate A B, Fig. 565, leaves a firee outlet for the water between 
its lower edge and the bottom of the basin. The level N of the water, being now supposed to have 
attained its maximum height, nearly touches the top A of 
the gate, while a certain given quantity Q of water is dis- 
charged, in the unity of time, by the above rectangular 
opening whose dimensions are known. The gate is kept 
in equilibrium by the Une AB resting against a fixed 
curve G G' G", and the resultant of the actions exercised by 
the pressure of the water and by gravity passes through 
the point of actual contact G. When the level falls to N', 
the total pressure necessarily diminishes in proportion, 
and the gate swings en boicule till it finds another position 
of equilibrium A B', which Une rests upon a different 
point, Cj of the fixed curve ; while the point B, advancing 
to B', the section of the outlet, on the other hand, is pro- 
portionately increased. It may easily be conceived, then, 
that if the curve G G' G" has been properly traced, it is 
quite possible for the enlargement of the orifice to compensate for the diminution of pressure. 
If, now, we call / the width of the outlet, y the height of B' above the bottom F F', Y the height 
* of the level N' above the same horizontal line, m the coefficient of expenditure applioable in the 
present instance, the invariability of the expenditure will be expressed as follows : 

from which equation may be deduced the values of Y in relation to y, and inversely. 
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Dnforttmately, it te very difBcnlt to ascertain the exact shape of the lequired emre ; there- 
fore, as the limil^ and natuie of (bia work will not allow ua to enter into a long theoretical invevti- 
gation, we will content ourselvea with la^g before our readers an approiimale graphi<sl method. 

It mnat be admitted that during the diaplacement of the gale the straight line A B turns upon 
a certain curve, which has to be deteimined in such a manner as to fulfil the essential oonditiona 
of the problem. In the first plape, the initial point C of the curve, Fig. 565,' will be known by 
taking the intersection of A B with the resultant H of the weight of the gate and the pressure ot 
the water. Let na next imagine the line A B to undergo a slight change of position in the direc- 
tion of A'B'; during this movement it will have turned round an instantaneona and rarinble 
centre of rotation between C and C, and, coneequentlj, the a^roximate supposition will be 
admissible, that its entire rotation took place round the point D, where the tangents D C and 
D C to the curve C C meet. Bat, as that point is not known, it must be taken, by gaess. a little 
below C, and the line A B is made to move at a slight angle round the centre D : in this ticth 

Cition, the extremity B, now arrived at B', being at a certain height y above the bottom F F', Y 
to be calculated by aid of the last equation ; we then draw the new resultant R' of the wewht 
uid pressure, and find its intersection C with the last position of A B, We Bball astiertain that 
the point B, around which A D has been made to turn, was properly chosen if it happens to be 
equidistant from C and C ; if that be not the case, we shift the point D primitively adopted, and 
a second attempt will give, in a sufficiently approximate manner, both the line A' B and the 
■ecoud point C' of the curve sought. From that one we pass to another, and so on, till the 
required curve is ultimately traced by a series of points or tangents. 

Componmii of a Movahlt Barrage. — A movable barrage, established across a navigable liver, 
oomprisea two essential parts, namely, the navigable way and the overfall, see Fig. 566. 




The former !■ used for purposes of navigation when there is a nifBcient natural draoght of 
water in the river for ships to pass ; the movable lifts which serve to close the way are then laid 
flat on their platform. 

The overfell serves to maintain the level of the river at a detenninale height when the barrage 
is In use ; it likewise serves as an outlet for the water while the lifts of the navigable way are 
being raised. 

In addition to these two essential parts, there is ^erally, also, a lock through which the navi- 
gation takes place when the barrage is closed, see F^, 566 ; when there is no lock adjoining, then 
the navigatitm can only be performed by removing the barrage and releasing the water at oertaio 
fixed periods. 

The lill ax platform of a navigable way should be placed at a depth not leas than that of the 
bottom of the river above the weir. 

On the Upper Beine these sills are D™'60 below low-water mark. 

The sill (n the overfall should be so raised that — having due regard to economy and &cility of 
construction— its section, added to that of the navigaljle way, shall offer an outlet proportional U> 
the quantity of water that fiows down the river at its different periods. Horeover, it most be at 
ench a height that it may give free passage to the waters of the river while the lifts are being 
raised without producing too heavy a fall from the upper to the lower basin ; these conditions are 
most important 

There necessarily exists, therefore, a relation between the section of the navigable way and 
that of the overfall ; and another, moreover, between the width of the latter and the height 
of its sill. 

The sills of the overfalls on the Upper Seine have been placed at O^'SO above low-walcr 

The establishment of a navigable way is a costly work ; its breadth should, oonsequenlly, not 
be greater than is absolutely necessary for the requirements of navigation. 

On the Yonne the breadth of the navigable ways is 35 metres ; on the Uj^r Seine, between 
Honterean and Paris, it varies ttom 40 to 55 m^res, measured petpeudionlaiiy to the course of the ' 

The width of the overfalls ranges between 60 and TO mirtres. 

When the breadth of the river will not admit of the overfall being'plaeed perpendicularly to 

its coarse, and in a line with the navigable w — " "■ ' -"■'■' — ' "■ ■- *^- "=■=" 

that ease the angle of inclinatim must not b< 
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The platfbmi of the nangtible-way should be of sufflcienf iriJth to receive all the Tsrioiu com- 

poneDtB of ihe lifts, damn, Ac, when the foundations are laid tipan concrete. 

On the Upper Seine, that width U 9~-50, divided into three »)ne8,namelv: twomeasimnirl^-TS 
for the piers, and ttie third 6 metres for the pavement destined to receive those portions called the 
movable parts of the bnTniKe. The platforro, moreover, mnBt be of such a thickness as wjU 
enable it to resist the different preesures and forces to which it has to be subjected. 
On the Upper Seine that thickness is 2 metres, irreapoctirel; of the pavement. 
When the difference of level between the upper and lower basin is as much as 2™'40, as is the 
CMC at the seveial barrages of the Upper Setae, each movable Hft of the navieable-wa; is capable 
of eieroisiu); a vertical strain uixm the 
-^'"- i,latf..ri..^ ' 




A glance at the above cut, Fig. 567, will make this arrangement clearly intoUigible. There 
is a separate anchor for everj lif^ and they are fixed in position before the concrete is poured in, 
their rods or shanks being kept vertical during the operation. 

In the oavigahle ways of the Seine, the pressure iu the direction of the buttress of each 
lift is equal to about 4500 hilogranunes, producing a horizontal component equal to about 3500 
kili^raromee. This component tends to make the piles of the foundations give way, and eause the 
mass of concrete to pivot towards the lower basin. When, however, the piles are well driven in 
and bound together, no such distuibancc need be feared ; but, as the layers of ooncrete below the 
fall may possibly be undermined by the water, it is requisite that the pavement of the platform be 
able to resist, by its power of adhesiou alooe, a sliding force equal to 3500 kilogretnmes for every 
lift. If, then, we take 1100 kilogrammes only as representing the adhesive force of each square 
metre of masonry, we find that the adhesion added to the friction gives a power of resLitauce greatly 
exceeding 3500 kilogrammes, so that little daogpr need be apprehended. 

The lift of a navigable way is oomposed of three principal parts, namely : 

1st. Of a framework of timber susceptible of moving upon a horizontal axis placed perpen- 
dicularly to the direction of the current. When this framework is raised, it is supported by its 
axis, while its base rests against a sill attached to the platform of the barrage. 

Sod. Of a c/ievaitt or stay, made of iron, and bearing the horizontal axis mentioned abovo. The 
lower part of the chevalet is terminated by two spindles working in sockets that are attached tn 
the rill against which the foot of the lift rests. Fig. 568; so that this ohevalet is able to turn 
upon its base, carrying with it, as it moves, the framework of the lift. 

3rd. Of a buttress of iron, the head of which forms an articulation with that of the chevalet, 
its fbot resting agamst a cast-iron shoe, firmly cemented in the platform. 

These three pieces are all that constitute the lift, and the whole arrangement preseats very 
much the appearance of a painter's easel with a picture upon it, as will be seen by the foregoing 
illustration. Fig. 567, already referred to, shows the lift raised ; A B being the framework of 
timber, O the centre on which it oscillates. A' B' its porition when giving way to the water, and 
M N its position when lying flat on the platform to allow the passage of vessels. But, in order to 
make the arrangement better understood, we dve an enlarged cut representing the chief features 
of the system, Fig. 569, wherein A B shows the framework or wooden swing-gate, u A its positioD 
when raised, and A' B' its position when lowered, C the chevalet, and D the Buttress or prop. 



Tbii !■ the ajtfem that hu been bo BntweMfnll j uid ingeninuBlj pat into practice by M. Channtne 
at the celebrated barrage of Confl&iu-iQi'^uie—iifvhicb a genetal view U here shown, Fij;. 370— 
and at varioui other placee. 

Besides the three priacipBl oom- 
paaeats of a lift, above described, 
there remain* yet one addition of 

The CouHterpoiie. — Upon refer- 
rint; to the several iUustratioDS, it 
will be observed that that portion 
of the lift which ia above its axis 
of tospenjioD, and which is called 
the ™Ift, or fy, ia wedge-shaped, 
getting thinner towaids the top; 
whereas that which is below the 
axis of anspeosion is nniform in its 
thickneaa, which ia equal to the 
thicheat part of the By. - This is 
done in order to nearly balance the 
eate, giving the lower portion, 
however, a slight preponderance 
over the upper, which has a longer 
radius. The moment of the weight 
of the timbers forming the lower 
part, called the cuiaue, or frmvA, ji 
about 110 out of water: and that 
of the timbers of the fly is nearlv 
equal to it: but when the breech 
ia entirely immersed, the moment 
of its weight ia destroyed by the 
Tery fact of immersion : so tliat, in 
manoenTricg, the weight of the fly 
becomes aa obstacle to the lowering 
of the breech : to remedy this it 
waa necessary to append a counter^ 
poise to the latter, Figa. 571 and 
372, otmipoaed of a mass of cast 
iron, movable, and held and guided ^ 
by three parallel iron bars. Fig, ^ "^ 
S72, along which it may slide, and a ^ 
weighing about 66 kilogrsmmes. 
The moment of thia counterpoise, 
together with the reat of the iron- 
work of the breech, ia about 96. 

In order to give some idea how 
the system operates, let us suppose 
a lift to be raised and in position, 
and then observe by what means it 
is lowered. 

If the end of the bttttreas, 
which is rounded, be drawn on one 
side from the shoe, it is evident 
that, losing ita point oif support, it 
will slide npon the platform in the 
direction of the pressure exerted 
against the lift; that the chevalet 
will necessarily follow the buttreai, 
tuning upon its base ; and that the 
gate Itself, in rotation, will follow 
the chevaitt : to that the two former 
will be stretched npon the platform 
in prolongation of one another, 
while the latter rests on the fcni of 
both, covering them. See Fig. S69. 

The buttnoses are made to slip 
ftom their respective shoes by means ' 

of an iron bar, placed horizontally 
upon the platform, and fumiahed 
with catches, so diaposed at dis- 
tances that they draw aside the 
buttressea one by one, in succession, 
and in the omer in which it is 
intended to lower the lifts. This 
bar most be easy of management. 
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that its action may not be impeded by graTel, sand, or any foreign matter carried down by the 

current. It is terminated at one end b;y a rack worked by a vertical wheel, by the aid of which its 
motion ia imparted and thenoe transmitted from buttress to buttress. Upon being released from 
the shoe, the buttresBes Blip into fniidjng 
raits, or grooieg, in which they slide till they 
reneh the bottom. 
-^ I. ^ '' '"'"' ** observed (hat, if the bar hsa 

_,( pJ~NJ 1 1 «^ '" ^ moved in a certain direction in order 

^t^w-'^^. '-' to lower the lifts, it ia also neceseary that it 

should be able to move in the opposite di- 
re>ctioii, after all the lifts are down, so that 
each catch of the bar may return to its pro- 
per place, before they are raised, again to be 
ready for action. With this view it ia requi- 





site BO to arrange that there may be a chamber 
reserved beoeath the articulation of the ehevalet 
and buttress wherein the bar may freely work. 

We have already implied that Ibe lift proper is 
divided by its aits of rotation into two distinct 
parts ; the lower part it has been agreed to call Uie 
breed, and the npper the fly. It is necessary to 
bear in mind this distinction. Wo vrill now d^ 
scribe the 

Method 0/ iiaijinfl ilie Lift).— If the base of the 
bretch be filed to the sill of the barrage, and «e 
attempt to raise the lift by seizing the top of the fig 
with a book, a resistance ia at once eiperienctd, 
"" ' ■ rapidly with the height of the fall in 



•■^nwrf' 



attains a height of O" -30. 
With the movable lifts actually in nse, the 
operation is performed in a totally differ! ' 



Instead of proceeding as above, it is the lower put 




of the ireech that is flist raised ; whereby the faU of water which, in the former instance, wu an 
irapedunent, becomes, to a certain extent, an auxiliary, beranse it raises the woodwork of the 
lift as soon as the water has made its way beneath it To thU effect, the base of the bmch in 
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provided with a stout iron handle. The keeper, entering a boat fitted for the purpose, seizes 
this handle with a hook ; then, pulling, by degrees the breech of the lift rises from the platform, 
dragging with it its chevaiet, and the latter its buttress. Fig. 573. When these three have arrived 
at the end of their course, the extremity of the buttress comes and rests against the shoe, and the 
gate remains suspended on its axis of rotation, while the breech is upheld by the boatman's hook. 
As soon as the hook is detached, if the breech be a little heavier than the Jii/j or if it be slightly 
pushed, the gate immediately turns upon its axis, and the breech rests against the sill of the weir. 
This is effectually what takes place; but in order to ensure precision and regularity in the 
working of the different parts, many other accessories are needed, the details of which our limits 
will not allow us to particularize. 

There are twelve barrages between Paris and Montereau, of which the normal heights of the 
falls are as follows : — 

Mitres. 

Barrage of Port-k-r Anglais H = 240 

Albion H = l-85 

„ Evry H = l-54 

Coudray H=l-82 

„ La Citanguette H = 1-43 

„ Vives-Eaux H = 1-46 

„ Melun H = l-44 

„ La Cave H = 1-97 

„ Samois H = 2-00 

M Champagne H=1'59 

„ La Madeleine H = 1*64 

„ Varennes H = 1-62 

The extreme values are H = 2'»-40 and H = l»-43. 

When the reserve is on a level with the top of a barrage, the real fall is equal to the normal fall, 
just given, less the surface incline of the water between that barrage and the one immediately 
oelow it. That incline may vary from to 0*" * 15. Moreover, it is necessary to deduct the thick- 
ness of the sheet of water surmounting the crest of the lower weir. 

We regret that space will not allow us to enter into further details upon so interesting and im- 
portant a subject. As we shall have occasion, however, to return to it again when speaking of 
flood-gates and canals, we must refer to those heads for more minute particulars touching the con- 
struction and working of the movable lift and the self-acting bascule gate. The lifts of a navigable 
way ought never to be self-acting, though the inconveniences likely to arise from their being so 
constructed would not be of any very serious nature. As regards the overfall, the case is different : 
there, on the contrary, it is of great importance that the ufts, swung en bascule, should be self- 
acting. 

At the barrage of Conflans the overfall ia composed of twenty lifts, each 1"'35 high, 1""20 
wide, and separated by spaces measuring 0°*'10. They are all self-acting, each gate swinging en 
bascuie, and being regulated to resist a certain pressure by means of a counterpoise ; so that, when 
by reason of a sudden increase of water the pressure becomes too great, they immediately yield, 
and, presenting a wider opening for the flooo, prevent inundations, very much after the manner 
of the gates invented by M. Chaubart. It is, however, but an act of justice to state that the idea 
of a barrage with movable lifts was first due to M. Th^nard, about the year 1840. 

That gentleman, for a great many years chief engineer of the canal operations on the river 
Isle, had been unceasingly occupied in search of, and experimenting upon, the means of arriving 
at some efficient and practical mode of regulating, controlling, and utilizing the supply of water 
in rivers. He so far succeeded in this object, that he was enabled to sustain the waters of the 
river Isle at 7 ft. 4 in. above the level of the bed, procure a convenient draught of water to get 
boats up during dry weather, maintain them at this level sufficiently long so that the free flowing 
of the river was incapable of drawing them away, and, having arrived at this point, to restore the 
waters to their natural course in o^er not to expose the valleys to an ovei^ow that would be 
prejudicial. 

. The first report, addressed to the Administration of Bridges and Highways, on the trials made 
by M. Th^naid, is dated in 1831 : it announced the good opinion formed of them by the inspector 
of the division. In 1839, for the purpose of verifying it, another commission, composed of 
Inspectors, general and divisional, of Bridges and Highways, was appointed by the Government. 
M. Thenard, having perfected with skill and success a happy idea of a provisional flood-gate, 
suggested to him by the divisional inspector, M. Mesnager, was able to render his system of 
Barrage more complete. On the 4th of July, 1841, the commission concluded their experiments 
and reported thereon. 

Up to this time M. Thenard had onlv had occasion to apply his system to fixed existing 
barrages, raising the level of the water about 2 ft. 6 in. only. Confiding in the certaintv of his 
system, however, he obtained authority to make a further trial, in which the retained body of 
water above the lower level was raised to a height of nearly 9 ft. 

An interesting paper upon this particular system was read before the Meeting of the British 
Association at York, m 1844, by Oliver Byrne. 

Among the authors who may be consulted are MM. Bressc, * Cours de M^canique Appliquee ; ' 
Lesbros, * Experiences Hydrauliques sur les Lois de TEooulement de I'Eau ; ' Chanoine, ^ Notice 
sur les Barrages Mobiles;' Dubuat, ^Principes d'Hydraulique ; ' Chanoine and Lagrene, ^Memoiro 
BUT les Barr|ges k Hausses Mobiles ; ' Mari ; Graeff, * Bapport sur la Forme et la Mode de Con- ' 
struction du Barrage d'Enfer sur le Furens, Me'moires des Ponts et Chaussees,* No. 134, 4*' s^rie ; 
Gibbs, ' Cotton Cultivation, and the Barrage of Great Rivers,' crown 8vo, 1862 ; Breton, ^Memoire 
sur les Barrages,' 4to, 1867. 
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Table I. — Coeppicikntb of Expenditure. 

Karrow-edged rectangular orifices, 0™'20 wide, and varying in height, discharging freely info 

the open air. 



I 



t 



( 



& % 
%% 

la 



\ 



Loads 

upon the 

ridKeA of 

the Orifices. 



/ 



\ 



m. 
0-02 
03 
04 
06 
10 
20 
30 
40 
60 
00 
50 
00 
00 









0' 





0" 



1 

1 

2 

3 



COBPFICIEKTS or EXPBKDITCBE TOB OSTFICBB WHO0K HEIGHTS AKS 



m. 

0-20 



m. 
0-10 












1 
1 
2 
8' 



02 
03 
04 
06 
10 
20 
30 
40 
60 
00 
50 
00 
00 



0-572 
0-578 
0-582 
0-587 
0-592 
0-598 
600 
602 
604 
605 
602 
601 
601 



0- 





0" 





0' 











596 
600 
603 
607 
611 
0-615 
0-616 
617 
617 
615 
611 
0-607 
0-603 










m. 
0*06 



0-616 
0-620 
0-623 
0-626 
0-630 
0-631 
630 
629 
627 
625 
619 
0-613 
0-606 











m. 
0-03 



0-639 
0-641 
0-640 
0-639 
0-637 
0-634 
0-632 
0-631 
0-630 
0-627 
0-621 
0-613 
0-607 



0-708 
0-687 
0-682 
0-679 
0-676 
0-672 
0-668 
0-665 



0-699 
0-696 
0-693 
0-691 
0-690 
0-688 
0-685 
0-681 
0-680 
0-678 



m. 
0-02 



0-660 
0-659 
0-659 
0-657 
0-655 
0-649 
0-645 
0-642 
0-638 
0-632 
0-620 
0-613 
0-608 



m. 
0-01 



0-695 
0-689 
0-684 
0-677 
0-667 
0-655 
0-650 
0-646 
0-641 
0-629 
0-617 
0-613 
0*609 



aa / 


002 


0-599 


0-624 


0-664 


0-691 


0-703 


0-756 


%% 




0-03 


0-603 


0-629 


0-665 


0-687 


0-702 


0-747 


^1 




004 


0-605 


0-633 


0-666 


0-686 


0-701 


0-741 






06 


0-610 


0-637 


0-667 


0-686 


0-699 


0-T32 


l%\ 




010 


0-615 


0-643 


0-669 


0-684 


0-698 


0-722 


■^»\ 




0-20 


0-621 


0-648 


0-670 


0-681 


0-696 


0-712 


Si! 




0.30 


0-622 


0-648 


0-670 


0-681 


0-695 


0-709 


■g-S 




0-40 . 


0-623 


0-648 


0-669 


0-681 


0-695 


0-706 


l\\ 




0-60 


0-624 


0-648 


0-668 


0-679 


0-693 


0-70J 




100 


0-624 


0-647 


0-666 


0-676 


0-692 


0-701 


O o - 




1-50 


0-624 


0-644 


0-665 


0-675 


0-687 


0-697 






2-00 


0-619 


0-641 


0-664 


0-675 


0-683 


0-693 


""11 V 


3-00 


0-614 


0-639 


0-662 


0-675 


0-680 


0-689 



11 r 


0-02 


• • 
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* . 


• • 


0-715 
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he sa 
rvoir. 




003 


a • 




0-653 










0-706 
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0-649 




0-651 
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0-647 




0-648 










0-691 
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0-645 




0-645 










0-683 




0-20 


0-641 




0-642 










0-675 


1*1 ■ 




0-30 


0-639 




0-642 










0-671 






0-40 


0-639 




0-641 










0-668 


*i 




0-60 


0-638 




0-639 










0-665 




1-00 


0-638 




0-634 










0-658 




1-50 


0-637 




0-627 










0-651 


00 ^ a 




2-00 


0-636 




0-621 










0-647 


gt V 


3-00 


0-634 




0-614 










0-644 
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Table n. 

Xanow-edged reetangnUr orifioea, 0»'20 in width, and varying in height, and continued 
outwards by a rectangular, horizontal, and open ohannel, of the same width as the orifice. 





Loads 
npoD the 


OO0FICIS2IT8 or ExmorruRB it>B Oujricis whosb Hsiorts aub 


















ridge of 


m. 


m. 


m. 


m. 


m. 


m. 




theorifloee. 


0*20 


0*10 


0*05 


0-03 


0-oa 


0*01 


fi r 


m. 
002 


0-480 


0-484 


0-488 


0-501 


• • 


0-599 


it I 


0*03 


0-493 


0-507 


0-525 


0-551 






0-626 


• 

r Isolated 
Iherese 


004 


0-503 


0-527 


0-555 


0-598 






0-645 


006 


0-518 


0-557 


0-594 


0-632 






0-667 


010 


0-542 


0-586 


0-624 


0-633 






0-671 


II , 
ll 


0-20 
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0-631 


0-632 






0-664 


0-30 


0-591 


0-612 
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0-631 






0-658 


0-40 


0-597 


0-615 


0-626 


0-630 






0-652 


0-60 
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0-615 


0-625 


0-628 






0-644 
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0-601 


0-615 


0-624 


0-625 






0-631 


H 
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0-601 


0-612 


0-619 


0*620 
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0-601 
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0-613 






0-613 
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0-480 
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a 
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5 


006 
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0-538 






0-605 
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0-679 
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0*40 
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;5 


0-60 
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1-50 
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o 
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i4 
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0-592 
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0-20 
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0-30 
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0-698 
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Table III. 

Narrow-edged | discharging freely into the open air (A) 

rectangular overfalls, < outwardly extended by means of an open horizontal channel 
0°*' 20 wide, ( of equal section with the orifice (6) 

The arrangements A and B may present the variations defined at 1, 2, and 3, Table I., and 8 
and 4, Table U., when the rectangular orifices are closed at the top. 
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for overfallB presenting the anangement A, 


for overfUls presenting the ammgement B, 
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0-424 


0-384 


0-492 


0-292 
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0-395 
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0-417 
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'318 


0-196 





'208 


0*383 
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08 


0-412 


0-410 





•459 





•337 


0-234 





■232 


0-373 


0-205 





04 


0-407 


0-411 





-449 





352 


0-263 





'251 


0-365 


0-234 





05 


0-404 


0-411 





442 





■362 


0-278 





•268 


0-360 


0-260 





06 


0-401 


0-410 
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■370 


0-286 





•281 


355 


0-276 





07 


0-398 


0-409 
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0-292 





•288 


0-352 


0-285 





08 


0-397 


0-409 
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•379 


0-297 





294 


0-349 


0-291 





09 


0-396 


0-409 





•434 





380 


0-301 





298 


0-347 


0-295 





10 


0-395 


0-408 





434 





382 


0-304 





•302 


0-345 


0-299 





12 


0-394 


0-408 





434 





383 


0-309 





308 


0-343 


0-306 





14 


0-393 


0-408 





434 





383 


0-313 





312 


0-341 


0-311 





16 


0-393 


0-407 





433 





•384 


0-3X6 
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0-340 


0-315 
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0-392 


0-406 


0- 
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383 


0-'317 
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0-339 


0-319 
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0-390 


0-405 
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383 


0-319 





.323 


0-338 


0-322 





22 


0-386 


0-405 
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382 


0-320 
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0-337 


0-325 





25 


0-379 


0-404 
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381 


0-321 





329 


0-336 


0-329 


0-30 


0-371 


0-403 


0-424 


0-378 


0-324 


0-332 


0-334 


0-332 



BABBEL. Fb., Tonneau; Geb., Fass; Ital., Banle, Bariglione; Span., Barril. 

A barrel is a round vessel or cask, of more length than breadth, and bulging in the middle, 
made of staves and headings, and bound with hoops. See Cask-making Machine. 

The term is also applied to a tube, or to any hollow cyHnder, as the barrel of a ^n, the barrel 
of a pump, and so on. 

BABBEL-CURB. Fb., Margelle ; Geb., Senhrdhmen ; Ital., Appoggio impiegato nella cosiruzione 
dei pozzi; Span., Mardelle. 

A barrel-curb^ or well-curb, is an open cylinder, about 3 ft. 6 in. or 4 ft. in length, formed of 
strips of wood nailed round horizontal ribs of elm, and used as a mould in well-sinking to keep 
the well cylindrical during the process of sinking. When the required depth has been attained, 
this cylinder is usually left in the bottom of the well, under the steming, brickwork being built up 
under the horizontal ribs. 

BARREIj-DRAIN. Fb., Tranch^e en berceau; Geb., Tonnenf6rmigo Abzugsoomai; Ital., Fogna 
ciiindrica ; Span., Alcantarilla CiUndrica, 

A barrel-drain is a brick or stone drain of cylindrical form. See Dbain. 

BARRIER. Fb., Barriere; Geb., Barriere; Ital., Palizzata; Span., Barrera. 

In fortification a barrier is a kind of fence made in a passage or retrenchment to stop an enemy. 
It is usually a palisade or stockade. See Fobtification. 

BARROW. Fb., Brouette ; Geb., Schvbkarren ; Ital., Carriuola ; Span., Carretilla de mono. 

A barrow is a light, small carriage, borne or moved by hand. 

The body of the excavator's barrow, Figs. 574, 575, is spread widQ open, and the sides are much 
inclined ; the centre of gravity of the load is therefore situated much lower, with respect to the 



574. 



575. 





handles, than in the ordinary barrow, which renders it steadier and easier to wheel. The contents 
are discharged by inclining the barrow at an angle of 45°, and supporting it oonstantlj on the 
wheel. The nave of the wheel is prolonged on each side, and serves as an axle, the periphery oF 
which is about 1 in. in thickness and rounded on the edge. 
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BARS, GcABD. Fb., Garde-fou ; Gbb., Fenster Vergitterung ; Ital^ Sbarra. 

Usually wToaght-iron ban in front of windows, about | in. in diameter, if round, or f in. if square, 
spaced about 5 in. anart, and fixed perpendicularly through horizontal rails of flat bar-iron, If in. 
wide b^ I in. thick, Duilt into the jambs of the window : the ends of the bars at the bottom should 
be let mto the stone sill, and run with lead. 

BASCULE BRIDGES. Fb., Pont-levia; Gxb., ZugbrOcke; Ital., PonU Utvatoio; Span., 
Puent&4)dacula, 

See Drawbridoes. 

BASEMENT. Fb., SauboBsement ; Geb., Fundament, Untere Theil; Ital., Bataanewto; Span., 
Bajamente, 

See BuiLDiNO. 

BASE-LIKES. Fb., Lign^B de base; Gkb., Grundlinie; Ital., Base di tnangohxione ; Span., 
Base triqonomiftrica. 

See Geodest. 

BASE-PLATK Fb., Plaque def(mdatum; Geb., Grundphtte; Ital., Piastra di fondazume. 

The foundation-plate of heavy machinery, as of the steam-engine, is termed the base-plate ; 
the bed'phte, 

BASIN. Fb., Bassin ; Geb., Schiffedocke ; Ital., Badno ; Span., Pantano, dique. 

Any hollow place containing water, as a dock for ships, is ctdled a basin. See Docks. Stobaob 
OF Water. 

BASKET-HANDLED ARCH. Fb., Arc en anse de panier; Geb., Stichbogen; Ital., Arco 
acemo ; Span., Arco eliptico. 

Any arch leas than a semicircle on the same chord is called a basket-handled arch, hence all 
semi-elliptic arches are included in the term. 

BASTARD ASHLAR. Fb., Mo&lon gisant ; Geb., PlSner ; Ital., Pietra rozza. 

Bastard ashlar are stones intended for ashlar-work, which are merely rough scabbled to the 
required size at the quarry ; or the faoe^stones of a rubble wall, which are selected, squared, and 
dressed, to resemble ashlar. 

BASTARD STUCCO. Fb., Stuc mel^de mastic; Geb., KalkmOrtel mit feinem, Sande versetxt; 
Ital., Stucco rozzo. 

The finishing coat in plastering when prepared for paint is termed bastard stucco. It is com- 
posed of similar stuff to that used for trowellea stucco, with the addition of a small portion of hair, 
out is accompanied with less labour, not being floated; it is generally employed in three-coat 
work. 

BASTARD-TOOTHED FILK Fb., Grosse lime; Geb., Bestossfeile ; Ital., Lima bastarda; 
Span., Lima. 

See Hand-tools. 

BASTION. Fb., BfLstUm; Geb., Bastion, BoUwerk; Ital., Bastions; Span., Balnarte. 

See Fobtification. 

BAT. Fb., Morceau dehrique; Gbb., Schieferstein ; Ital., Pszxo di matone; Span., Medio ladriilo. 

The half of a brick is usually termed a bat. Other portions are named according to the size, 
as a quarter bat, three-quarter bat, and so on. 

BATEA. Fb., Cuvette pour Laver Vor; Geb., WaschschOaael fUr Gold; Ital., Bacile per lavare 
Poro ; Span., Batea, 

A batea is a oonical-flhaped dish, Fig. 576, employed for washing gold and pulverized samples 
of gold quartz. 

From the general irregularity of the produce of quartz in gold mines, it is impossible to ascer- 
tain the average yield or vein-stuff without crushing and experimenting on large quantities ; but 
the most usual method of judging approximately of the value of rock, is ^^^ 

to pulverize a small quantity anid wash the resulting powder in a batea or 
horn spoon. In selecting the rock for this purpose, it is evidently of the 
greatest importance that it should represent a fair average of the vein or 
streak from which it is taken, and consequently several hundred-weights 
should be broken from the whole area of the exposed surface, taking care 
that every part be represented by samples of nearly eqiial weights. The 
whole must now be broken by a hammer on an iron plate, into pieces of 
about the size of walnuts. The resulting heap is then carefully mixed, 
by turning over with a shovel, and subsequently cut through the middle, 
so as to leave a trench through its centre, extending to the floor on which it has been placed. 
The two sides are afterwards carefully scraped down, and removed as a representative sample on 
which the yield of the vein is to be estimated. For the purpose of a rough approximation, this 
may be at once pulverized in a mortar or otherwise, and its contents judged of in accordance with 
the results obtained by washing. Where, however, greater accuracy is aimed at, and the original 
heap contained a large quantity of broken rock, at least a hundred-weight should be scraped from 
the sides of the cutting, and this, after being further reduced to the size of peas, must again be 
cut through, and a sample of about 4 lbs. obtained, by the means employed m the first instance, 
as the final sample. This is pulverized in a mortar, and the whole passed through a sieve of wire 
gauze, of forty holes to the lineal inch, after which it is ready for treatment, either by washing or 




The most accurate results are obtained by carefully washing a 4-lb. sample in the batea, 
Fig. 576, which is about 20 in. in diameter, and 2} in. in depth. 
BATH. Fb., Bain; Geb., Bad; Ital., Bagno; Span., BaOo. 
See Wasrhouses and Baths. 

BATH-METAL. Fb., Tombac; Geb., Tomback; Ital., Jhmbacco; Span., Tumbaga, 
Bath-metal is an alloy consisting of 4} oz. zinc and 1 lb. copper. See Alloys. 
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BATTEN. Fb., Veli'i*; Geb., DinMs Brett; Ital., Tmobi tlrttia, LitteOo; SPAN^ AitiUa. 

Battea U a term applied to BBwn timber under 3 in. In thicknen, vhen Uie width b 7 in., to 
diatingulBh it from other widths, each u dtali »nd jdanki. 

The term batten is also applied to boards in long lengths of less thaD 7 in. vide, thoag^ ieldom 
more than 2 or 8 in. in widtli— the thickness varying from ( in. to 1} in., alKxudliig to the parpoee 
for which they are intended. 

BATTENING, Fa., Comtrvction m vAigt ; Qkr^ SclvUaerlt ; Ital., Cottrviime dl Jiitelk. 

Narrow boarda or battens fixed to walls, intended to be papered over canvas or to receive the laths 
for plastering— also battens nailed on the rafters of a roof to receive the slating— are caJled battening. 

Wall-)«tteas slionld be Bpeced about 12 in. apart, and are genentU; 2J or 9 in. wide, and ] to 
11 m. thick. 

Blate-battena most be spac«d to correspond with the Mage of the slate. They ihonld be tioni 
2} to a in. w ide, and from { to IJ in. in thickness, accordmg to the strength required. 

BATTER. Fr., TUui ; Okb., VerjunguHg ; Ital., Inclinailoiu di rauro ; Span., Itidiaacioa, talud. 

In bnilding, batter is a term employed to signify leanii^ back ; it is nsoally expreased by the 
ratio of the departure from the perpendicular to the height, aa t in 10, ... 

Tig. 577, which means that for everv 10 ft. in beiRht the wall batters 1 ft. 

Betaining walls sje sometimes battered on the laoe to the extent of 
1 in 5; latterly, however, 1 in 10 has become more general, as when the 
batter is great the joints of the slopiog wall hold the wet, which soon finds 
its way into the work : it is on ttiis ncconnt that most engineers prefer walls 
with a vertical face, or at most with a very slight batter. 

BATTERY, ^a., Batttrie gaitanaittt ; Qsa^ Gatvamtche Batterie ; Ital., 
Batttria Oalmnica. 

When a series of voltaic elements, cells, couples, or pairs, are arranged 
In such a manner that the tine of one element is in connection with the / 
copper of another element : the vine of this with the ccn>per of a third, and ^. 
so on : such an arrangement is termed a Galvanic or Voltaic Battery. 

The earliest galvanic battery was oonstmcted b^ Volta in 1800. It consisted of an inmlated 
plate. Fig. S7S, npon which was placed a series of discs of copper and of zinc soldered ti^ether. 
Above the copper of the first disc was placed a disc of cloth d, saturated with acidulated water : 
upon the disc of cloth was then laid another metallic disc. These discs were thns alternately laid 
one upon another, until a pile. Fig. 579, had been built up, care being taken to lay them the same 
way. To the ends of this pile were attached wires p and n, which, when oonnectod in any way, 
set in motion a cnrrent of electricity. 



:n 




The piles constnicted in this way were, however, but we»k, utd useless for eiperiraenti which 
lasted any length of time ; for as the nomber of elements was angmented. the weight of the upper 
discs pressed the liquid from the lower discs, which became dry, and so lost their condnctibuity. 
This led Volta to invent the improved modification shown in Fig. 581, which ho called the cmromu 
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dt faun, or ermni of cape. Inntead of the damp cloth ef the pile, m siimbet of jars, ftmnged in 

ft circle, And filled with acidulated water, are emplojed. Tlie jars canunimicate euccesaiTely 
one with the other by meana of metallic arches fomiHl of a plate of zino aoldcred to a plate of 
cop[>er : the copper of each arch being planged into the jar which precedes it, and the tino into 
the jar which followB it. The two jan which form the extremitiea of the serieB receive leapeo- 
tivdy a plate of zioo Z, and ■ plate of copper C, to each of which is farteued a oDudocting'Wire. 
The flrit oorresponda to the nej^tive pole and the second to the positive pole. 

To oomprehend the principle of this battery, we will euppoee that two plates, cut, one Z from a 
sheet of line, and the other C from a sheet of copper. Fie. 580, are placed, without contact with 
each other, in a jat containing slightly acidulated water. To the upper edgea of the plates let two 
pieces of wire be fastened. In this state the apparatus will manifest no development of the 
electric fluid : but if the eoda of the wires be brought into contact at M, an electric current 
will be set in motion, pnasing through the wires from the point where the wire is fastened to the 
(•ppei G, to the point where the other wire is soldered to the xinc Z. The current will continae 
to dow BO long as the ends of the wires are in contact, but the moment the ends are separated the 
current ceases. 

It will be seen that the electric fluid is evolved by the oombination of three bodies — the line, the 
copper, and the acidulated snlntion in which they were immersed. The produotion of the current 
depends on the cbemical action of the solution on the zinc That metal being very susceptible of 
oiidation, decompoeea the water which is in contact with it. One constituent of the water com- 
bining with the ziuo produces a compound called the oxide of tine, and this oxide entering again 
into craubiuation with the acid which the water holds in solution, forms a soluble »lt. If the 
acid, for example, be sulphuric acid, this salt will be the sulphate of the oxide of rino ; and as fast 
as it is produced it will be dissolved in the water in which the plates were immersed. The copper 
not being as susceptible of chemical action as the zinc, remains oompanitively mufiected by the 
solution : but the hydrogen evolved in the decompoeition of the water collects upon its surface, 
after which it rises and escapes in bubbles at the surface of the solution. 

It is to this chemical action upon the zinc tliat the production of the electric current is due. 
If a similar action had taken place in the same degree on the oopper, a similar and equally intense 
electric current would be produced in the opposite direction ; in that case the two currents would 
neutralize each other, and no electric effect would ensue. From this it will be seen that the 
effloocy of the combination must be ascribed to the fact that one of the two metals immersed in 
the solution is more oiidizable than the other, and that the enersy of the eflect and the inteDaity 
of the cmrent will be so much the greater as the susceptibility <rf oxidation of one metal exceeds 
that of the other. 

It apneoTB, therefore, that the principle may be generalized, and that electricity will be 
developed and a current produced by any two metals similarly placed, wbich are oxi^zable in 
different degrees. And, mdeed, if two pieces of the same metal are diflerentl; acted npon, either 
by heot or chemically, a current of electricity will be produced on their lieing connected together. 

Zinc being one of the most oiidizable metals, andbeine also sufficiently cheap and plentiful, is 
generally used for voltaic combinations. Silver, gold, aod platinum are severally less sosceptihls 
of oxidation, and of chemical action generally, than copper, and would therefore answer voltaic 
purposea better, but are excluded by their greoter cost, and by the fact that copper is found suffi- 
cient for all practical purposes. It is not, however, absolutely necessary that the inoiidizable 
plate C of the combinatioii should be a metal. It is only necesHu? that it be a good conductor of 
electricity. 

In certain voltaic combinations, charcoal properly solidifled has therefore been substituted for 
(Vpper, the solution being such ss would produce a strong chemical action on copper. Each com- 
bination of two metalsj or of one metal and charcoal, is called either a cell, a couple, an element, 

A series of jars. Fig. 5SZ, when arranged in a similar moDoer to Volta's omnrnnt de lama, that 
is, the sine of one jar in connection with the copper of the next jar, the order being zine, acid, 
copper, zinc, acid, copper, and so on.is termed a tnittery, and by its means the eSects produced by 
a single element are capable of being greatly increased. If, however, only one element ia 
employed, it is in itself a battery. 




The part of s batterr from which the current is supposed to proceed is called the positive pole, 
snd the part toirards which the current flows, the negative pole. These poles, shown at + and — , 
Fig. 582, are often termed electtodea, so that + would be the positive and — the negative electrode. 

The arrangement of the amroimt de taasts, and of lotteries similarly constructed, was so cum- 
beisome that they were soon superseded by the Trough battery, which is shown in Fig. 583. This 
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battery tras inTented by CraidiBbank, and coiuiBtB of a rectangolu* water-tight trough divided into 
coIIb by platea formed of zinc and copper eoldered together. The cella are filled with acidulated 
water or a Bolutioo of salt and water ; and two platea of copper, fumiabed with condncting-wiree, 
are immersed in the last cell at each end. It waH with a battery of this kind, composed of 3000 
couples, that at tbe cotnmEuoemotit of the prcaeut century Davy succeeded in decompoeing potash 
and soda, and thus diaooTered potasBium and aodiiun. The trough battery is rather inconvenient 
on account of iti weight, tuid alxi through the wcxid of the case warpiog under the action of the 

The arrangement introduced by Wollaston ia more convenient. An element of Wollarfoa'e 
battery, Fig. 584, ie oompoeed of a plate of zinc Z, round which is bent a plate of copper C, actual 
contact being prevented by placing small piecea of wood or corh between tbe plates. When the 
element is to be put in operation, it is immersed in a vase oontaining acidulated water ; the negative 

Kle then establiiihea itself at the wire connected with the zinc, and the positive pole at the wire 
itened to tbe copper. To unite several elements into a battery, it is necessary to connect the 
copper of each element tritb tbe zinc of the following. The elements thus connected can then be 
mounted on a stand. Fig. 585, and, when tbe battery ta to be operated, plunged sepomtely into 
vases containing tbe exciting liquid. The necessity of a va«e For each of the elements ot Wol- 
laaton's battery renders it cr""" 




Muncke's battery removes this inconvenience, as by its means we can have a coDsidcrable 
number of elements in a small apace. The piales of zinc and of copper are nnldered together ver- 
tically, bent into the form of the letter (J, and then fitted alternately one into the other, Fig. 586, 
in such B maimer that the altematioD of the metala is complete. Together the elementa form a 
single ^atem, which is fixed in a wooden frame, and, when required for use, immersed in a stone 
tlouKh filled with acidulated water. 

Batteries composed of a number of elements, as Mnncke's battery, are especially applicable 
when the current encounters in ita polar cirouit any great reaistance. When this reaistuice is weak, 
it is preferable to have the advantage of increasing the area of the surface of the elements rather 



rolled, without toaching each other, round a cjlinder of wood, and each is attached to metallic 
conducting-wires ; the negative wire is that in oonneclion with the zinc, and the peaitive wire that 
fastened to the copper. 

When the apparatus is to be used, it is plunged into a tub oontaining acidulated water. When 
several of these elements are anited in a battery, an apparatua is obtained, of which the cakirio 
power is so great as to have obtained for it the name of a calorimotor. 

The batteries we have described present practically several serious inoonveniences. The water 
being decomposed by the zino, liberates hydrogen, wliich, chafed with acid particles, is released 



« the ciureat, and sciuibl; dimiDuhinK its intennit;. Lastly, thU fllm hiu a variable thick- 
nen, from which results a perpetual Tariation in the iziteusity of the cuneot itself. These 
mconTenieucei!, however, disappear in a greater or less degree in batteries operated by two 
liquids. 

DanielPt Battery. — An element of Daniell's batteir, Fig. S8S, consists of an onter jar oontaining 
acidulated water in which is inunersed a cylinder of zinc Z, in the interior of which is placed a 
porons earthenware pot, filled with a solution of snlpluitB of cnpper which surrounds » cylinder of 
copper C. The cooducting-wire attacked to Uu nnc. Fig. 9S8, oorreaponda to the negative pole 
of the element. 

It is easily seen that in this arrangement the fihn of hydrogen which acts so disadvantageoosly 
in ordinary bvtteries, no longer exists; and the metal, following the same direction as positive eleo- 
tricity, deposits itself upon the copper cylinder. The disengagement of the hydrogen is replaced 
by a decomposition of the ct^per, which does not change the physical oondition of the system. The 
action oT this battery is very regular, it lasts a long time without renewal, and the enrrounding 
atmosphere is not sensibl; aSbcted by its fumes. 




Amongst the csiuea which vary the intensity of the current in this battery is the change in th« 
nature of the liquids, the acidnlated water becoming charged more and more with sulphate of 
zinc ; and the decomposition of ttie sulphate of copper. Eiperience has shown that the flrst 
cironmstance does not affect the intensity of the current in any sensible degree. To remedy the 
second, in proportion as the sulphate of copper is deoompoeed, fresh portions of that salt are 
added ; and for this purpose there is a sort of perforated flaoge oD the upper part of the copper 
cylinder, which is kept filled with crystals of snlphale of copper. 

Bamen's Battery consists of a vase, Fig. 589, containing dilute snlpburic acid, in which is 
phMied a plate of zinc Z aa in Daniell'a batteir ; but in t^e porous pot is poured nitric acid at 4(P, 
and, instead of the copper, a prism of charcoal, made from the residuum taken from the retorts of 
gas-works, is used. 

To form a buttery, Fig. 590, the cxrboa of one element is united with the zinc of the fbUowing 
element, bjr means of clamps, the positiTe pole evidently oorresponding to the last carbon, and the 
negative pole to the Ust zinc 




In Bunacn's batlpry, the hydrogen liberated by the decomposition of the water deoompoaea in 
its turn the nitric acid in which the carbon is immersed ; the result is that bypcmitrio add ii 
formed, whiob g;nkdaslty dissolves, and never shows itself in the form of bubbles. 
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potash, a< 



BDUBen'a batteiy U onl j « modification of a battety previondy inveDted b j Grovo, In whicli Uib 
place of the coiboD was occupied bj a plate of platinimi ; but the high price of this metal mused 
the use of Orove'a battery to be rery limited. SeTeral inveutora bad thought of replacing the 
platinum plate by charcoal ; and a few batteriea of this description were in nse at the time 
Btmsen's arrBugement waa introduced. 

It should be noticed that a great inconvenience attends all batteries in which nitric acid ia 
'nyed, owing to the dLSiision of nitrous vapour which vitiates the surrounding air. 
"hen a battery is in action, the wort produced at the poles corresponds to the oxidation or 

mption of the zino, in a similar manner to the calorie engine, where the work perfonncd is in 

proportion to the amount of coal oonmuned. If ordinary zinc is need, in batteries furnished with 
acidulated water, the zinc is always found attacked, whether the battery is in operation or not ; but 
this does not occur if chemically pure zinc is used. However, there is no occadon to use pure zino 
if amalgamated zinc, which ia easily made, is employed. 

The amalgamation of the zinc is best effected by dipping it in dilute solphuric acid, and then 
rubbing it over with mercury, or by immersing it in a solution of a salt of mercury, and aitorwarda 
rubbing it brishly, when the amalgamation will be oomplete. 

There have been numerous batteries contrived, which we do not notice, as their description 
would be of no interest. We only mention the Bichromate of Folash battery, which is frequently 
made use of in the current for the purpose of exciting various electrical machinea. The element 
its of a spherical-shaped bottle, with a broad neck, containing a solution of Jj, bichromate of 
h, added to an equal quantity of sulphuric acid. Into the liquid is plunged a donble plate 

_. ic. Fig, 591, in the interior of which is arranged a plate of charcoal, which answers to the 

positive pole. When it is desired to suspend the action of the battery, tiie plate of zinc is raised, 
eo as to prevent its contact with tiie liquid. 

The worli produced by chemical action is not the only means of obtaining a galvano-electric 
current ; the same result may be arrived at by the action of heat. This development of electricity 
by heat was discovered by Seebeck, of Berlin, in 1821, and is called thcrmo-flfctricity. 

To make a thermo ■ electric 
couple, a plate of copper, Fig, 592, 
ii bent round and soldered at its 
two ends to a cylinder of bismuth ; 
we have thus a sort of rectangular 
flgpire, three sides of which are 
made by the plate of copper, and 
the fourth by the bismuth cylinder. 
The apparatus must be arranged 
in such a manner that the long 
aidea of the rectangle are nenrly 
in the magnetic meridian ; and in 
the interior of the apparatus is 
placed a magnetic needle. If one 
of the compound comers of the 
circuit, where the two metals are 
joined, is heated with a spirit- 
lamp, Fig. 592, the needle is de- 
flected ; this denotes the production 
of an electric current which is di- 
rected in the copper plate from the 
warm comer to the cold comer. If, instead of heating the comer, it had been re&igerated with 
ice, it would also have produced a current, but in an opposite direction. 








is especially sensible with bismuth and antimony, it will succeed 
also not abaolutoly neccaaary to heat the point in the circuit where 
1 elevation of temperature takes place at any point where a perfect 
exist, a current immediately manifests itself. This important fact 
iriments. Take, for example, a piece of platinum wire which has 
heat it near the twist ; it will produce a current of electricity, the 
ilacing the extremities of the wiroi in connection with 
« se^ changes from one side to the other of the knot as 



Although this experimen 
with any of the metals. It i 
the two metals join, since if 
similarity of structure does ni 
is demonstrated by various ei 
been twisted into a knot, ani 
force of which may be observed b 
a galvanometer. The current, it w 
eitber side ia heated. 

The same result will occur if a portion of the wire is coiled into a spiral, Fig. S93, and treated 
in the same manner. 

In metals which are, similar to bianrath, not homogencons, it is very common to observe 
thermo-electric currents. 

It ahould be noticed that to a difference in stmolure, and to no other circumstance, as, for 
example, a change of dimensions, is tliis phenomenon attributed. When the molecidor construc- 
tion IS the same on both sides of the heated point, there will be no current manifested. The two 
following experiments made b? H. Macnus are decisive on this heed. He reduced a copper 
cylinder in the middle until it was only the thickness of a fine wire ; on heating the metal at the 
place where the sudden change in its diameter occurred, he did not observe any current, although 
there mnst have been a difference in the diffusion of tbe electricity from one side to the other of 
thispoint. 

For hia second experiment, Magnus took two tubes, k B and C D, Fig. 5M^ and filled them 
vrith mercury : the extremitiet A and D being oonneeted with the wires of a galvanometer. The 
mercury contained in C was heated, and the extremity of the tnbe B plunged mto it. In this case 
also no current was observed. Vet if a ditlerenoo of stmcture ia necessary to produce a current, 
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thiB difference may be very inBignificant. So that if the extremitieB of the two platinum wires 
were bent into hooks, and one of them after being heated laid upon the other, no effect would be 
produced, because tl^ action of heat upon the platinum could not make it undergo any modifica- 



6»C 




tion. But if the experiment is repeated with copper wires, a current will occur, the action of heat 
haying auickly proouoed a film of oxide which has modified the constitution of the metal. 

It follows from tl^ that the action of heat has the effect of exciting in various bodies, and 
particularly in metals, tiie movement of fluids which characterize the electric current. If in a 
homogeneous conductoE.no effect is observed, it is because the two currents produced on each side 
of the heated point are equal and in contrary directions ; but a difference of structure modifies the 
intensity of one of the currents, and the galvanometer shows the resultant produced from the two 
effects. 

When the soldered joint of two different metals is operated upon, the direction of the current 
depends upon the nature of the metals associated, and it is impossible to give any precise rule 
upon this point. In the following list, the r^mlt of experiments made by Beoquerel, the current 
traverses the heated joint, proceeding in consecutive order through the metals: — bismuth, 
platinum, lead, tin, copper, silver, zinc, iron, antimony. 

The intensity of thermo-electric currents also depends upon the nature of the metals joined 
together; and each of these associations has an electromotive force peculiar to itself, which has 
been called thermo-electric power. 

For the purpose of comparing these thermo- 
electric powers, Beoquerel made use of a chain, 
A, B, G, D, E, F, 6, Fig. 595, formed of several 
metals soldered successively one upon the end of the 
other. The ends of the chain being attached to a 
galvandmeter, one of the joints was heated at a fixed 
temperature, 40^ for instance^ whilst the other joints 
were kept at zero. 

The current produced having in each case to 
traverse a circle of equal resistance, its intensity may be considered as the proportional measure of 
the thermo-electric power of the joint, at least, from the temperature from which we operate. 

It was in this manner that Beoquerel obtained the following Table :— 
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Iron— Platinum 8607 

Iron— Tin 31-24 

Iron— Copper 27*96 

Iron— Silver 2620 



Copper — Platinum 8*55 

Copper— Tin 8*50 

Copper— Silver 2*00 

Zinc— Copper 1*00 



In these experiments Beoquerel has proved the following fact, which is of real importance. 

Supposing a joint of iron and copper to be heated, we shall have a current of a certain inten- 
sity ; if between the iron and copper a piece of metal is interposed, or a chain of several metals of 
which we heat the two end joints, we shall have exactly the same results. This is a proof that 
the current is really due to the difference in the propagation of heat in the metals, and not, for 
instance, to contact. 

The intensity of the current produced by a thermo-electric couple depends on the difference 
of temperature of two combined joints ; and, within certain limits which are variable, as well as 
according to the metals employed, it is sensibly proportional ; but after a certain time the increase 
in the intensity of the current abates very considerably. Thus for a couple of iron and copper it 
is scarcely sensible at 300°; beyond this the intensity of the current diminishes, becomes nim, and 
ends by changing its direction. It should be noticed that the difference of temperature is not the 
only iimuence on this phenomenon — the absolute temperature must also be taken into account. 
Thus the current has not the same intensity, one of the joints being zero and the other 20°, as if 
the temperatures had been at 100° and 120°. 

By joining together a number of thermo-electric couples and heating simultaneously the equal 
ioints, we obtoin a Thermo-electric battery. Fig. 596 represents an apparatus of this kind invented 
oy PouiUet. It is composed of 
cylinders of bismuth bent at their 
extremities, and connected one 
with the other by means of plates 
of copper, also bent and soldered 
to the bismuth. If we plunge 
every second joint into any cold 
body — melting ice, for instance — 
whilst the remaining joints are 
heated at a fixed temperature, the battery produces a current which can be collected on a conduct- 
ing-wire as in an ordinary battery. 

Viewed as agents for the production of the electric current, thermo-electric batteries have not 
as yet given very useful results, as thermo-electric currents weaken rapidly, in circuits where there 
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Fig. 598 shorn a batter; conetnicted upon this pUn. The temperatnTe of the joiati a raised 
b; meanB of oommoD gaa; and with thirty or forty elements it ia capable of sensibly deoompoaing 
water, of maintaining an elertro-magnet with a long coil, and of working a tclegrapliic apparatiu. 

Until lately, thermo-electric duionta have only been made use of to measure temperatnrea 
nnder special conditions. The thermo-electric tonga invented by Peltier are, however, useful for 
indicating the temperature of any limited space. The^ oonsiBt of two tbenno^lectric couples. 
Fig. 539, of bismuth and of antimony, a b and a' 1/ ; the bismuth of one element being amtM by 
a wire to the antimony of the other, and the circle completed 
by a galvaoometei. It results from this arrangement that if 
the space comprised between the two joints c and c* becomes 
at all warm, a cnrrent from the bismuth to the antimony will 
be prndaced in the two couples. These two currents act, 
besides, apon the magnet in the same direction; and as the 
bulk of the instmnient is small, and its calorific capacity 
feeble, its sensibility ia very great. 

It is with s species of very fine thermo-electris plnmmet 
that physicists are able, in certain cases, to penetrate withont 
injury those organs which they wish to have access to in 
Older to stndy the temperature of organized beings, 
variations experienced under particulsj 




being placed out of doors and the other in the [aboralory. A galvanometer placed in the circuit 
indicates zero when the two tongs are at the same temperature. It is sufficient, then, when the 
needle is deflected, to heat or refrigerate the second tongs in such. a manner as to liring it back to 
teto, to tell the temperature of the air. See BLAsriNa. Ei.ECTBO-TELEOBaPur. 

BATTERY, ehploted to crush acbifeboith bock. Fb., Moulin apilon; Geb., SlampfmuUt. 

The stamping mill or battery consists of a series of heavy pestles working in a rectangular 
mortar, each of which is altematelf lifted by means of a cnm, and subsequently let fall with its 
full weight upon the ore to be operated on, and of which, after being previously reduced to tng- 
ments of proper dimensions, a conatant eupply is introduced into the mortar, or bettery-boz. 

When quartz-mining was first practised in California, the lifters or stems of the peatlea 
employed were made of wood, furnished with cast-iron heads, attached by means of a wrought-iron 
ahank driven into the lifter, and secured by two strong rectangular bauds of fiat iron. In moat 
mining districts in which these wooden stems are us^ the l^ing of the pestle is eHecW by a 
large wooden or caat-iron drum, around the periphery of which cams are arranged in a spiral 
form, which, coming in contact with tongues, or tappets, fixed in the liftera, they are raised to a 
certain height, and, being suddenly released by the continuous motion of the axle, fall with their 
whole weight on whatever may happen to be bcneaUi them. In California, however, another 
arrangement is employed for imparting motion to the pestles or stampers of a battery with wooden 
stems. Instead of a large cylindrical axle, a wrought-iron shaft ia made use of, and on this are 
keyed a series of long curved cams, which enter mortice or slot holes, in the several stems, and 
cause them to be alternately lifted and released, precisely as in the case of the ordinary stamping- 
mill, provided with tappets and a drum-axle. When wooden slema are made use of, they are 
usually about six iuches square, and cut out of ash, or some other bard wood, having a straight 
Kfsin. These wooden stems with square heads have, however, been almost universally superseded 
by the rotary stamp, with a round stem of iron, to which a circular motion is given by uie friction of 
the cam in lifting, and which, being con tinned up to the moment of its release, is prolonged during 
" a to the ojlindrical head at the moment of it* ocaning 
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The Tolary itnmp ta bbM to be more efficient thsn the rectftngnlar one, and to grind a larger 
qn&Dtity of rock in a eiven timo : but hawever this msf be, it a certcuQ (hat the faces of the beads 
wear more evenly, and that a rotating battery reijoircB lees frequent repairs, than one made oQ the 
old principle. The bsttery-boi in generally composed of one solid casting, and usually receiTsa 
either four or five atampers ; when ulditional reducing power is required, other similar boxes are 
placed on the same lice. In most itutanccs such batteries are arranged in sets of Ave stampers in 
each mortar, two of which are placed side by aide in the same framing, ten stampers 1>eing thus 
set In motion by one ahaft. Two flve-«tamp batteries, of a construction frequently employed, 
are represented, Fig, 600 being a back elevation, and Fig. 601 a tmceverae section; tne iron 
rods A are the stamp stems, B the shaft, 

and C the cams. I^is shaft is provided ""^ 

at one end with a large pulley D, which is 
generally constructed of either kiln-dried 
wood on arms, inserted in a caat-iton boss, 
and then turned off in place, or is built 
solid of vell-aeaeoned planks on a bored 
bcss, and, as in the other case, turned, 
after being keyed to the shaft. When 
several of these batteries are arranged in 
one house, the motive power is communi- 
cated, by mmns of a bioad bolt, to the 
intermeiuate shaft B', which is fitted with 
pulleys corresponding to those on the 
shafts B, with which they are severally 
connected by belts. These belts, which 
ace manofactured out of a oombinatiou of 
canvas and india-rubber, are, from the first 
motion to the intermediate sbaft, sometimea 
as much as 2 ft. in width. The belts from 
the second motion to the shaft on which 
the cams are keyed, are made of a thinner 
material, and are from 1 ft. to 11 in. wide. ■ 
The lift of the stampers varies from 9 to 
12 in., but 10 in. may be considered eis 
about the average; Euid their weight, in- 
cloding the iron stem, varies from 550 to 
900 lbs. The otder in which the several 
■tampen, included in one box, strike their 
blows, in a five - stamp battery, is not 
always the same in all establishments, but 
in most instances the first blow is struck 
by the central stamp. This is followed by 
the outside ooe to the right, then by the 
second to the left, afterwards by the second 
to the right, and finally b; the stamper on 
the extreme left of the series. The num- 
ber of blows struck by each stamper is 
from sixty to eighty per minute. The first 
portion of the stamper a is sometimes cast 
on to the stem, but more frequently it ie 
fastened by wedges, and has a round 

aperture, in which is inserted the spill of the shoe a' firmly driven in or fastened by dry wooden 
wedges, which expand od coming in contact with water, and hold it securely in its place. The 
battery-box is either of iron, east in one piece, or its bottom alone may be of cast iron, and its 
(idea of wood; in which case the lower portion of it, together with the inside of the feed-hopper, 
must be lined with sheet iron, ) in, in tbic^ess, fastened by tth bolts. Immediately under each 
of the stamper! is placed a sb<»t cylinder of cast iron a", which is retained in its position, either 
by fitting into a circular bedding, in which it may be keyed by wooden wedges, or it is provided 
with a equare flange, which, coming in contact with those of the other diea and the sidee of the 
box, act as distance-pieces, by which it is kept in its proper position. These, and the shoes of the 
stampers, are, when worn out, readily replaced Ijy new, a considerable economy of time and money 
being the result ; the parts worn out are merely coarse castings of chilled iron, without any kind 
of fitting. The hole x is for the purpose of forcing in a drift aboTe the spill of the shoe, and thus 
temoving it when a new one is required, whilst the hole x' is employed in the same way for 
getting off the boss from the stem. In Grass Valley, and some of the other more important 
mining districts, the boxes E are, almost without exception, composed of single iron castings ; but 
in localitiee where amalgamation ie conducted in the battery itself, the sides and ends are some- 
times of wood, the bed alone being made of iron ; and when this method of construction is adopted, 
two platet of amalgamated copper, ^th of an inch in thickness, are often bolted at b on either aide 
of the row of stampers. The rock to be crushed is introduced by a shovel at c, and a plate of per- 
forated sheet iron, fastened eilher in a wooden frame, or retained in its place between the two 
rectangular iron bands, tightened by cotters, is introduced before the opening d. The battery- 
bed, whether entirely of bon, or consisting only of an iron bottom, with lined wooden stdea, 
it firmly bolted to a block of wood, at least 2 ft. square, and of which the dimensions, when very 
heavy itampeni Me employed, are even much greater. Thii either fonna, oa in the dnwing, 
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a portion of the general framing of the arrangement, or ia now more frequently, to prevent jarring, 
made quite independent of it. It is, however, essential that this portion of the structure should ba 
well ^ded on a solid foundation, and, if possible, rest directly on the bed rock. Occasionally 
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Reference, — A^ Stamp lifters or stems, a, Stamp-heads, a'. Stamp-shoes, a". Stamp- 
dies. Bf Cam-shaft, i^, Second-motion shaft. 6, Amalgamated copper plates. ^ Gams, 
c, Feed-hopper. 2>, Driving-pulley, d, Grating. E^ Battery boxes or coffers, e, /, Water- 
pipes. 6r, BlanketphoanL g^ Bosses by which stampers are lifted. A, Props for stampers. 
Xt x\ Drifl-holes. 

quartz is crushed dry, but much more frequently water is admitted, and for this purpose a giie- 
pipe e affords the necessary supply, which enters the boxes through the branch pipes /, fitted with 
cocks for regulating the quantity introduced. The studs g, against which the cams come in 
contact, and by which the stampers are raised, are fitted on the iron stems by means of keys, 
which admit of their positions being readily shifted, when rendered necessary by the wearing of 
the shoes. 

The props h shown in one of the batteries, but omitted in the other to avoid complication, are 
used for keeping up the stampers, either when the battery-box is being cleaned, or when a portion 
of the machinery is thrown out of action for the purpose of repair ; to do this they are successively 

Eushed forward, so as to catch beneath the several bosses ^, when lifted bv the cams to their full 
eight. When not so employed, the props are allowed to fall back out of the way of the stems, as 
shown in the sectional drawing. The size of the apertures in the gratings or sieves at tf, differ in 
accordance with the fineness of the gold contained in the rock treated, and is also, to a certain 
extent, varied in conformity with the particular views of the superintendent of the mill on that 
subject ; but it is evident that with very small apertures the amount of quartz crushed, all other 
conditions being equal, will be less considerable than when a coarse screen is employed. The size 
of grating commonly made use of in some of the best mills in the Grass Valley district is shown. 
Fig. 602, which is ^own as No. 8. 

In order to combine strength with the largest possible open surface, the apertures are some- 
times made of an oblong form, and arranged as in Fig. 603. 

In some establishments these gratings are fixed perpendicularly, as seen in Figs. 600, 601 ; but 
more generally they are slightly inclined outward, and this arrangement is evidently attended 
with certain advantages. When the grating is placed perpendicularly, a particle of quartz or 
other pulverized matter, splashed against the screen by the fall of the stampers, can only pass 
througn it in case of being projected directly through one of the openings ; and should it strike 
against a portion of the solia plate between the holes, will run down with the water on the inside, 



md^uii lettle in the battoy-box. If, on the oontnr;, the grating be placed nt & considerable 
inclination outvud, a particle of pulverized rock, vhich baa not been projected immediately 
through the gntte, nuy, on nmning beck with the water over its inner auiuce, peaa through one 
of the apertoree and escape into the trough on the onleide of the battery. 





Stunp Grttt, with Roaod Holn. 
(KallSiusrApertum.) 

In all machines of thia description, it is of importance that each particle of the rock c^rated 
npon shonld eacape from the actitm of the iittunperB as aooa as it has become snffioientl; reduced 
in size, and with this view the grate-surface is in the Califomian mills extended as much as 
possible, being generally made of nearly the full length of the battery-box. With a view of sup- 
porting the giating, and protecting it against injury from the impact of the water dashed against 
it by the falling stampers, the sheet-iron plate is externally strengthened by the application 
against it of some thin iron barB. 

When the high cast-inm mortar is made nae of, which is now generally the case, it has the 
fono repreaented. Figs. GOi and 605, which the first is a transverse section, and the second a front 
elevatirai ; the dies are fitted on the bottom A, and the quartz fed throngh the opening B, whilst 
the screens ate fastened, by nails or screws, to a flame which is firmly secured in grooves provided 
for its reception at the ends of the mortar, and by two lugs at the bottom of the opening C. 




Iron Battetj'-boi. 

In Mme oases, instead of employing a double <^ 
of. This has generally the form shown, Fig. 60 
axle to be placed nearer the stamp stem than it c 
a greater number of blows can be struck per minu 

The auriferous material having been reduced b 



Q, as seen in Fig, ettl. a ein;^le one is made nee 
and possesses tbe advantage of allowing the 
a with any other cam, and also that by its use 
I without danger of breakage, 
the state of a finely-divided powder, it becomes 



y to provide means for the concentration and separation of the gold, which ie 
perAiotly effected by an almost infinite number of dificrent contrivances, varying slightly in their 
detaila m almost every eetablisfament that may be visited. However much the proce.ises employed 
may differ in this respect, only two decidedly distinct systems are now practicelly in use in Cali- 
fornia, namely, amalgamation in the battery, and crushing without the use of mercury, amalgama^ 
tion being subaequently effected by means of appliances specially designed for that purpose. 

Amoigamatioa in ilit Battery. — When this method is adopted, the batteriee are often provided 
with amalgamated copper plates b. Fig. tiOl, about 5 in, in width, extending the whole length of 
the box ; one on the feed aide and the other at the disctiaTge, the latter being protected by the 
sheet-iron lining of the feed-hopper, and each having an inclination of from 4(r to 45° towarda 
the stampers. 

Wben these are not employed, spaces fcr the aconmnlatlon of amalgam are allowed between the 
diet and the sides of the box, and verUcal iron bars are placed inside the gratings, between which 
the bard amalgam is found to collect. The oopper plates are covered with mercury, by means 
of a rag dipped in dilute nitric acid, with which quicksilver is rubbed over the surfaces to be 
coated, in the same way as on those used in ordinary sluices. Quicksilver is also sprinkled into the 
boxes, by the feeder, at intervals of about an hour, and in quantities varying with the richness of 
the look operated on. One ounce of gold requires for its collection about an ounce of meroury ; 
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but when the gold is in a flnelj-divided state, the addition of another quarter of an onnoe of this 
metal is thought advantageous. The proper proportion is, however, readily ascertained by closely 
watching the dischu^e. If any particles of amalgam which may pass through be hard and dry, a 
little more quicksilver must be mtroduced; but if, on the contrary, they be soft and pasty, or 
globules of mercury make their appearance, the supply in the battery must be diminished. 

When the proportion of mercury has been properly adjusted, the amalgamation of the gold is 
very completely effected, except in cases in which the ores contain large quantities of lead or 
antimony, and have been previously burned for the purpose of expelling their more volatile 
constituents, by which treatment the particles of gold often become coated in such a way a« to 
interfere with their combination with mercury. When the proper proportion of quicksilver ham 
been regularlv introduced, and the rock contains coarse gold, from 60 to 80 per cent, of the gold 
saved is caught in the battery ; but when, as in the case of some of the ores of Nevada, the gold 
is in a very finely-divided state, and is associated with ores of silver and other sulphides, the 
results obtained are less satisfactory. The alloy resulting from the treatment of such ores con- 
tains silver, and in some cases affords from 200 to 400 thousandths only of gold, often pvo- 
ducing a spongy amalgam of a dark colour, made up of an aggregation of numerous finely-divided 
particles. Kiistel is of opinion that this effect is piartially due to the presence of manganese, bat 
it appears difficult to imderstand how this substance should influence, to any important extent, 
the combination of gold and mercury. This amalgam is exceedingly light, and is, therefore, 
difficult to collect, either by riffles, copper plates, blankets, or any of the other appliances com- 
monly employed for the purpose. 

When, therefore, ores contain much lead or antimony, amalgamation in the batteij is not to be 
recommended, since this spongy amalgam is more difficult to retain than the most nnelv-divided 
gold, and a large proportion of it floats off over the blankets, riffles, or copper plates, wnich may- 
be arranged for the purpose of arresting its progress. There is, besides, no evidence that battery 
amalgamation possesses, under any circumstances, a decided advantage — ^for gold ores not associated 
with sulphide of silver — over stamping without the use of mercury, and in some of the most produc- 
tive gold districts it is seldom resorted to. 

In order to collect the particles of gold and amalgam escaping from the battery-box, various 
ingenious contrivances are employed ; but as these arrangements differ but little in their details, 
whether mercury be employea in the battery, or the amalgamation entirely effected after the 
escape of the pulverized material through the screens, we will proceed to describe the system 
generally in use in the northern quartz mines, in which the various arrangements are of the most 
improved description. 

This article, with some slight alterations being made, is taken from J. A. Phillips' excellent 
work, * The Mining and Metallurgy of Gtold and Silver.* 

BATTERY, Ship's. Fb., Batterie fiottante; GxB., Schvnmmmde Batterie; Ital., Batteria gaii^ 
giante; Span., Bateria. 

Any place where cannon or mortars are mounted, for attacking an enemy or for battering a 
fortification, is termed a battery. This term also signifies a body of cannon for use, taken col- 
lectively ; as, to discharge the whole battery at once ; a ship's battery. 

Gannon were introduced on board ships soon after these weapons came into general use, and 
they were at first applied on the non-recoil system in wooden immovable carriages ; but as the 
size increased, it was found indispensable to allow of, but to absorb, the recoil, and to provide 
means of training or pointing the gun irrespective of the movements of the ship. Thus the 
trunnions of the gun for elevation and depression when the level was changed by the ^ heel " or 
inclination of the ship, the '^ trucks " or wheels on which the carriage and gun moved backwards 
when fired or were run " up ** or ** out " when loaded after firing, became necessary fittings. Then 
there was added, still further to meet more onerous conditions, *' oreechin ** ropes to limit the recoil, 
and tackles to run the gun out. The battery was that part of the ship where the heaviest artillery 
was carried; smaller pieces were distributed about tne poop and forecastle; and the ship was 
divided into two strong sections, called close quarters, forward and aft, where, in the event of 
boarding being successful, the crew could retire and fight, as in a castle or tower, although the 
enem^ occupied fully the midship deck. 

Modem science has recognized two broad divisions of the battery — ^broadside and turreted 
guns. In the turret system a few guns of great power are carried in l^e centre line of the ship, 
and are so fitted as to command a Ste all round, where there are, as in a raft, no impediments from 
masts, ropes, or sails, and not much lateral motion, as pitching or rolling. 

Cowper Coles, in Europe, and J. Ericsson, in America, are the chief exponents of this system. 
There is a subdivision of turrets into fixed and revolving. The fixed turret approaches nearly to 
the box-battery ; the revolving turret approaches most to the single pivot-gun. Examples of each 
are given. See Ordnance. With a given tonnage, more guns of equal power can be carried on the 
broadside than on the turret system, since that necessitates two separate armours — ^the one for the 
gun, the other for the ship ; and it is not a sufficient answer that less of the ship's side has to be 
armoured, and therefore less weight need be carried ; since, if the same number of guns only are 
insisted on, no more armour is necessary in the one case than the other. In the latest development 
of the two principles, from twelve to sixteen guns of equal weight and power can be carried m the 
broadside-ship, as against four to six in the turret, on the same tonnage and at the same expense. 
Added to this, there is the fact that no turret-ship has yet been devised that was equal as a 
habitation for seamen, and therefore, in seaworthy qualities, to the broadside-ships. For co«st 
and river defence the turret ships or rafts are eminently useful ; for keeping the sea in all weathers 
they are utterly inefficient. 

The forms of carriage for the batteries of ships have undergone a considerable change within a 
few years, mainly consequent on the introduction of much heavier pieces of ordnance up to 20 tona, 
where previously 5-ton guns were the exception, and the fact that armour outside the ship renden 
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tl ptMEdble to applf more complicated aod deliciite meohauUm without the fear of haling it too 
mooh eipoaed to the effects of ebot and shell. 

Simpla as the invention of a suitable gun-carriage for heavy mkVal ordnanca maj appear, jet, 
in attempting this apparentlj eaay taek, before It. A. Soott succeeded in nccompHBhing it, many 
ingenious inventors njlod. Captain B<y>lt found that it was of much importance to keep heavy 
gmu as close down to the deck as possible, to give more effect to his compressora, and not, Bs Scott 
and others snppoBe, that the shock is greatly diminished by the deck by having the gun bo placed. 
The principles upon which the compressors are conatructeit, and thoee by which thay nre operated, 
were first brought into practical operation by J. Ericsson (see GrN-CARRiAaE). However, at 
preeent it ia only necessary for us to show the value of Bcott'a gmnjarriage in the formation of a 
■hip's battery. 

Fig. 607 IB an elevatioo, and Fig. 608 is a dech-plan, of one of those carringes, constnieted for 
one of the 10-in. bmadside-gnns of H.M.S. 'Herciilea.' The carriage first proposed by Bcott, 
which we gave in our speoimsn Part, differs in arrangement, but not in principle, from the carriage 
shown in Figs. 607, 608. 




The sidee S, 8, Fig. 60S, of the slides are of Usection iron, a portion of which ii 
sometimes filled in with wood, which projects slightly beyond the top and bottom flanges. Un tlie 
ontsida of the slide on each side there are supported by pins a pair of iron bars B, B, Figs. 607, 
608 ; these bars are placed at a short distance apart, and grasped by the compressors at the same 
time as the aides ol the slides are grasped ; the parts eecntea by we compressors 
are shown in section, Fig. 609. 

AlthoQgh Scott has succeeded in effecting the object he bad in view, yet it does , 
not appear that he is aware that he, or rather Ericsson, has introduced a niechanica! f 
principle entirely new, upon which shocks and concussions may be given without \ 



nniform grips taken by his compressors. In fact, he ra 

wood or iron so that their vibrstions become as regular as the strings of a 

the concussions of the vibrating waves of the compound beams B S B destroy a force which in other 

cases produce rebomidj. The friction of which Scott speahs has not the effect which he attributes 

to it. If the beams B 8 B were made of iron, they would not answer the purpose a* well as wood : 

ths wood receives all the force, and passes it forward. Wood does not offer a greater resiBtance 



278 



BATTERY. 



than iron, but the wood passes the force applied over the parts equally ; whereas the iron 
the force with a rebound or shock. The one receives it, and, to use an ordinary phrase, swallows 
it, and passes it more leisurely to other parts ; iron would receive the force, and return it suddenly, 
which might cause mischief. 

It should not be forgotten that a vessel of 30 tons can easily carry, and may with impunity 
make use of, a gun of 5 tons weight, since the vessel in such a case becomes ike g^un-carriage 
floating in water, and capable of absorbing the recoil, as a larger vessel will not do. The * Staunch * 
is an example of this class of gunboat, and in her the gim, when not in use, is lowered, so as not 
unnecessarily to keep the centre of gravity high when not fighting. Any modification of the 
Moncrieff principle applied to gunboats or even vessels of larger size, would supersede turrets by 
the adoption of this alternate raising and lowering of the gun itself, since no armour is needed for 
the protection of the gun during its short exposure in pointing and firing. The broadside battery 
has in no great degree changed since the system was first introduced, unless by the providing 
more and more efficient bow and stem fire, or, as it is called, all-round fire, by splaying the porta, 
by retiring them or placing them in indents (this system having the same objection as deep 
embrasures, in that the enemy's shot are guided into the ship), or again, and most suooessfully, by 
better means of training on axes or turn-tables, and by muzzle-pivoting. In great naval battles, 
the broadside has always a marked advantage, since no such action has been fought without a 
necessity for engaging on both sides ; and here number of guns must tell, and the turret system, 
which admits of but few guns, must necessarily be at fault. 

A battery is said to be concentrated when a certain number of the guns are so trained and laid, 
as that, on being simultaneously fired, their shot will strike at nearly the same moment in nearly 
the same spot at a previously determined range. 

This is done by measuring the distances between the centres of each port ; and, after deciding 
the desired range to be, say 200 jrards, calculating each angle of training, and inserting a mark on 
the deck. Now, at this range there will be no elevation. Each gun is trained by the nail on the 
deck ; and a good marksman being posted at the gun, on which the whole battery or a part of it 
is concentrated, all the guns are fir^ at his word of command, and their shot must inevitably strike 
wherever his does. As the range is a fixed quantity, and forms one side of the triangle ; as the 
angle of training of the gun chosen to concentrate on is either 90^ with the line of keel for the mid- 
ship gun, or about 45° for a bow or stem gun ; all the other intermediate angles are easily calculated 
from these by the diminution of base due to the distances between the centres of gun-ports. 800, 
600, and 200 yards are the usual distances for concentration. 

610. 




Guns concentrated on A, the after-gun ; B, the midship ; and G, the foremost gun. 

The general arrangement and details adopted by Capt. Coles, B.N., in the construction of the 
cupola or turret batteries on board the * Royal Sovereign* are shown in Figs. 611, 612. 

The * Royal Soverei^' carries four turrets, mounting in all five 800-lb. Armstrong gnna, two 
in the forward and one m each of the after turrets. We take the forward or twin-g^un tiuret, which 
is 22 ft. 9 in. in diameter, and 18 ft. 9 in. outside. Fig. 611. First, we have a massive framework 
of wood constructed on the main deck, and supported by the deck-beams and wrought-iron 
columns. The centre is formed of two large rectangidar blocks of English oak, mftlring a square 
of 6 ft. 3 in. X 2 ft. 6 in. deep, with a round hole in the centre 26 in. in diameter. Iimnediately 
under this is placed two balks of English oak, 18 in. x 15 in. x 30 ft. in length, running fore and 
aft, and bolted down to the deck-beams ; on this, segments of English oak are placed, cut to an 
inner radius of 9 ft., and forming a ring of 9 ft. 6 in. outside diameter, which is firmly bolted to 
the fore-and-aft beams just mentioned ; round the outside of this ring three bands of American 
oak are bent, each 12 in. deep x 3 in. in thickness, and bolted to the segment forming the inner 
ring by 1-in. bolts. Six arms or spokes radiating fVom the centre, each 18 in. x 12 in., like the 
centre and inner ring, are made of English oak ; on this substantial and massive framework is 
bolted a turned cast-iron roller-path. In the centre is a hollow tube of wrought iron, 2 ft. 2 in. 
outside diameter, 3 in. in thickness, and 7 ft. 3 in. in length, forming the pivot on which the turret 
revolves, and acts as a safe communication with the magazine below. A large casting, which 
forms the centre, round which a live WTOught-iron ring, lined with brass, revolves, is placed round 
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this ptrot, uid litfl npon the woodeD frnmewnrk bolted throiifrlL to a Bcnnewhat aiinilBT carting 
beiow, which is HUppotted b; a forked wronght-iron colimm resting on the keelson. Wa &re now 
come to the turn-table or platfono on whicih the turret is built. It is a large disc of woodwork 
24 ft. 8 in. in diameter, and 12 in. in thickneas, bnilt of oak slftba, 14 in. x 6 in., bolted together, 
the top lajer being placed at light angles to the bottom one. Near the outside the tluelmeaB U 




in. by a circle of oak, 3 ft. 9 in. in width X 6 in. in thickness, let Into the other portion 2 in. 
Od the under-side of this pUtfotm U fixed the cast-iron upper mlling-path, fastened by l-in. bolts, 
which pass through the frame to ringB of wrought iron, 9 in. x f in., let into the top, to which they aia 
secured bjnute. In the centte of this table is fixed a large kind of angle-iron ring of cast iron, with 
the fiange on the bottom side, and bolted through m_ 

in the same manner as the path. This casting is 
bored out, and a brass brush let in, J in. in thick- 
ness X 15 in. in depth, which forms the moving 
rubber surface round the axes. Between this 
casting and the lower one are arranged twelve 
brass conical rollers, 5^ in. in diameter at their 
largest part, and Sj in. wide, supporting the 
centre weight of the turret. These rollers are 
placed in a live ring of brass; the pins round 
which the; revolve are IJ in. in diameter, and 
screwed into the inner part of the brass ring with 
a jamb-nut screwed up to prevent the pin turning. 
A }-in. washer is then put on, and segmenta of 
wrought iron, 1 in. x { m., are fastened over the 
whole thing by l-in. square-headed wood screws ; 
the outside nuts of the roller-pins are tightened 
against these segments. The centre line through 
the inner rollers is 5 in. above the centre lino 
through the outer ones, which are thirty-six in 
nnmber, made of cast iron and turned conical, 
the largest diameter being 18 in. x 9 in. wide ; 
they are cost H sections, the boss is bored, and a 
brass brush fitted. The framework in which 
these wheels revolve is made of an inner and 
outer ring of wrought iron, each 6 in. x { in. The 

inside diameter of the inner ring is 19 ft. 2 in., ^^^^^^^^^^^^■^^■■^^^^■^^^^H 
and the outside diameter of the outer ring is 

21 ft. 3} in. Like the outside ring of the centre roUing-ftame, these rings are made in short 
s^pients with jnint-plfttes on the inside, each fastened by four J-in. bolts, the two outdde ones 
bemg long enough to pass through both rings, with A nut at either end ; round these long bolts is 
a piece of 1} in. gun-barrel tulie, which acts as a slay or distance-piece, to which the ringa are 
screwed home. There are thirty-six laments to each ring. The radiUB-rod« ore 2 in. in diBmet«a', 
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increased to 2} in. at the ends. The inner end is screwed into the live ring before described with 
a jamb-nnt on the outside ; the opposite end passes through the roller and large rings, with two 
jamb-nuts on the inside, and one nut, with a pin through it, on the outside. 

On this turn-table is built the turret, a little eccentric to the platform, that is to say, the 
centre of the turret is 9 in. from the centre of the platform, and is formed of thirty upright frames, 
made of T-irons, angle-irons, and plates. The X'i^i^B which form the inside circle are 6 in. x 
10 in. X i in. The plates on the outside are 10 in. x ^ in., with an angle-iron riveted on either 
side, 3 in. X 3 in. X I in. The T-irons extend from the platform to the top of the turret, a height 
of 9 ft. 6 in., whereas the ^-in. plates and angle-irons only extend 3 ft. 7 in. in height, and are then 
brought round to form the support for the woodwork and armour-plating. Between the vertical 
T-irons, and beginning at 3 ft. 7 in. from the platform, are nicely-fitted balks of teak, 18 in. x 
10 in. X 6 ft. in height ; round this, and let in flush with the outside of the teak, are systems of 
diagonal bracing or trellis-work, with one hoop top and bottom, 6 in. x f in., which is also the 
scantling of the diagonal bars. Over this is built another ring of teak balks, 18 in. x 1 in. x 6 ft., and 
on the outside of this is the armour-plating, consisting of twenty plates, 5 ft. 4 in. x 3 ft. 6 in. x 5^ in. 
in thickness, secured to the framework of wood and iron by four 2-in. countersunk galvanixed bolts 
to each plate, passing through to the inner lining, consisting of ^-in. plate-irons. In addition to this 
lining there are two wrought-iron rings in the inside, through which the bolts pass, and to which 
they are secured by an ordinary nut. The upper hoop is 14 in. deep x 2 in. in thidmess, and the 
lower one 6 in. wide x } in. in thickness. There is a double thickness of armour-plating, 12 ft. 
long, on the port-hole side of the turret, the inner plate being 4| in. in thickness, making a total 
thickness of 10 in. solid plating. The roof is form^ of wrought-iron rolled beams, something like 
a double-headed rail, except that the top flange is an inch wider than the bottom one, the top 
being 3f in., and the bottom 2f in. These beams are 4f in. deep, weighing 15 lbs. to the foot-run, 
or 45 lbs. to the yard. They are placed 2 in. apart, and pass through the woodwork resting on the 
armour-plates ; these are covered with 1-in. wrought-iron plates, bolted to them. There are also 
side-laps about every 3 ft., which are bolted to the armour-plates. There is an opening above each 
gun, 20 in. in diameter and 9 in. deep, packed round with wood, covered with plating ; these are 
merely light-holes. There are also two slits over each gun, 4 ft. long by about 8 in. wide, for the 
** captain" of the gun to take his aim through. There are two cowl-pipes for ventilating each 
turret. The short standards with hand-rails are used for stowing the munmocks in, while the 
long ones merely serve as a hand-rail for the look-out. The port-holes are 20 in. x 3 ft., half round 
top and bottom, and lined in the inside with iron, { in. in thickness. 

We now come to the turning-gear, which consist of four winch-handles and gearing, working 
two vertical sWts, one on each side of the cupola, 2| in. in diameter. Two of these handles work 
inside the turret, the other two on the outside. As they are all four alike, we need describe only one, 
which consists of a conmion winch-handle. Fig. 612, 15 in. radius, attached to a spur-pinion, 10 in. in 
diameter, 1^ in. pitch of teeth, 3f in. breadth of same, twenty-one in number. This pinion works 
into a spur-wheel, 30 '4 in. in diameter, 1^ in. pitch of teeth, 3| in. breadth of same, sixty-three in 
number. To this is attached a bevil-pinion, 6 in. x 1{ in. X 4 in. x 11 teeth, working into a bevil- 
wheel, 18 in. x If in. x 4 in. x 83 teeth. This wheel gives motion to the upright shaft, to the end 
of which is fixed a spur-pinion, 10 in. x 2^ in. x 6 in. x 14 teeth, working into the Large wheel 
bolted to the framework, the size of which is 22 ft. x 2^ in. x 6 in. x 371 teeth. 

The mechanical advantages gained by the gearing up to the periphery of the pinion which 
works into the rack = 27 to 1. 

If we suppose the whole weight of the cupola and guns, 140 tons, to be concentrated on a circle 
*,r^ . J* X V. 30x30-4x18x264 .^ , . . 

of 15 ft. m diameter, we have: ^q x 6 x 10 x 180 =^-^^^' 

Eight men are the full complement for working the gearing, four inside and four outside iho 
turret, the speed = 1 revolution a minute. Four men can work it, but, of course, they take double 
the time. 

In addition to the four winches just described, there is what is termed the deck turning-gear, con- 
sisting of two winch-handles, each 15 in. radius, working a bevil-pinion 11 * 1 in. x If in. x 5 in. x 
20 teeth, working into a bevil-wheel, 32 '25 in. x If in. x 5 in. x 58 teeth. At the other end of the 
shaft to which this wheel is attached is a face-pinion, 10 in. x 2} x 6 in. x 14 teeth, working into 
face-rack on turret, 24 ft. 6 in. x 2^ in. x 6 in. x 412 teeth, the mechanical advantage gained by this 

fearing from the winch-handle up to the periphery of the pinion which works into the rack = 8 * 7 to 1. 
(ut assuming, as before, that the weight is concentrated in a circle 15 ft. diameter, we have — 

30x32-25 x294 ,^ „^ , 

T7—: t:: — 77^^ = 1**2 to 1. 

Ill X 10 xl80 

There are three small crab-winches attached to the revolving platform, two of which are used for 
working the guns, and one for lifting the shot. 

There is a clear space of 3 in. au round the turret and the well or hole in the deck, and this 
space is covered by a leather flap or ring attached to the turret, and bearing on a brass ring fixed 
upon the deck ; tms leather flap is weighted with a strip of iron round the outside, in order that it 
may fit close to the deck. 

The edge of the hole in the deck, within which the turret is placed, is strengthened by a 
wrought-iron well-ring, weighing about 1| ton, and formed of 1-in. plate of wrought-iron, 2 ft. deep, 
with angle-irons on the outside, top and bottom. From this ring radiate iron beams, some leading 
« transversely to the sides of the vessel, and the others to the deck-beams, to which they are firmly 
attached. On these beams are laid the 1-in. plates forming the deck, and upon these is placed 
around the turret a ^* glacis-plate,'* consisting of a ring 30 in. wide, and tapering in thickness frcmi 
3 in. at the inner to nothing at its outer edge. 

Over the glacis-plate comes the deck, tepering in the opposite direction from 6 in. to nothing. 
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utd upon thia U l&id loimd the tnnet a ring of {-in. itamped vronght-troti pUtaa, 2 ft. 6 in. wide, 
which aerves to protect the deck From being acon^hed b; the dischftrge of the g;un. 

The deck of the venitel rises at an angle of 5° from the aides towards the centre, and is fnnned 
of l-in. wrought-iron plates, covered down the centre for a width of 26 ft. with 8-in. teak planking; 
the renuinder of the surface is covered with 6-in. planking. The deck is carried by wmaght-iion 
rolled beams placed 12 in. apart between the main wooden deck-beams, and the l-in. plating is laid 
on in stripe aboat 12 ft, long by 2 ft. G in. wide, joined together by f-in. rivets, and covering strips 
4 in. X 1 m. The l-in. plating is doubled round the openings Cor the turrete, hatchways, and 
funnel ; and a double thickness is also carried, tore and aft, between the turrets and the sides of 
the ahip. The armour-plates are bedded upon crossed diagonal planking, which was added to the 
original sides of the vessel on her conversion boat a three-decker, making the total thickneM of the 
timber-backing 3 ft., as shown in Fig. 611. 

It may be necessary to add that the turrets are now made ooncentrio in place of eccentric to 
the platform ; that, in liea of the small winches before mentioned, they pat a much larger one, 
with an endless chain, to work the guns. Beeapeper by J. Baily, published in the 'Artizan,' 1868. 

The ship turret-battery of Ericsson is shown in t'ig. 613; the pilot-house is stationary and 
shore the rotating turret ; this arrangement enables the commander to direct the helmsman, who 




is near him, and the gnoDer below, while he, the oommander, ii observing the enemy. The turret 
A is 24 ft, inside diameter, 9 ft. 6 in, high, and 15 in. thick, composed of two separate cylinders 
formed of plates 1 in. thick, lapped and riveted together. The outer cylinder, composed of aii 
plates, was built on a staging above the inner one of four plates, and after completion was slipped 
over it. The annular space of 5^ in, between the cylinders is filled with se^ental slabs, 5 in. 
thick, made of the best malleable iron. These slabs were made onlv 11} in. wide, in order to lave 
time. B is an extension attached to the top of the turret, composed of plate 1 in, thick, bent out- 
ward in the form of a trumpet, in order to throw off the sea in bad weather; Cf is a wooden grating 
extending round the turret extension, supported by and bolted to brackets D, at intervals of 3 ft. ; 



,. = . - anaratir^, , 

taining an awning in fine weather ; Q, the pilot-honse, 8 ft, inside diameter, 7 ft. high, and 12 in. 
thick, formed of two separate cylinders, each composed of six plates 1 in, thick, lapped and riveted. 
After completion, the larger cylinder was forced over the smaller one. The roof is composed ot 
three plates, 1 in. thick, covered with 8 in. thickness of wood, and an outer plating 1 in. thick. The 
roof is inserted below the top of the cylinders, and is thus praterted from shot ; noth cylinders are 
pierced with eight elongated sight-holes. The weight of the pilot-house is supported by a brood 
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wronght-iron croea-piece H, secured to the oircumference of the house by angle-irons, this cross- 
piece resting on a collar near the upper end of the stationary vertical pillar I, round which the 
turret turns. The floor of the pilot-house consists of wooden gratings provided with ^ted 
hatches moving on hinges. J is the upper turret-beam of wrought iron, 11 in. deep, 8 in. thick in 
the middle, sustaining rafters which support a series of bars £[, 4 in. deep, 3 in. thick, placed 2^ in. 
apart, on the top of which aro placed perforated plates 1 in. thick covering the entire turret. L are 
the gun-slides, four in number, 10 in. deep by 4 in. thick, of wrought iron, the ends of which 
rest on plate-rings secured to the turret, their middle resting on the lower turret-beam M. N is a 
cross-piece of wrought iron, suspended under and let into the central pair of g^un-slides, and into 
which are tapped the diagonal braces O. By means of these braces O, the entire weight of the 
turret may oe suspended on the collar n' of the turret-shait. P is a spur-wheel bolted to the 
under-side of the gun-slides and lower turret-beam, and worked by a pinion Q on the vertical shaft 
Q', at the lower end of which is the spur-wheel Q", driven by a pinion on the axle R, and on which 
is fixed the spur-wheel B'. This spur-wheel is in turn worked by the pinion S, on the lower end 
of the shaft 8'. which is provided with a crank 8", and turned by an engme consisting of two cylin- 
ders 12 in. in diameter and 16 in. stroke, placed at right angles, and bolted to the underside of the 
deck-beams T. U is a port-stopper for preventing shot from entering the turret, composed of a 
massive block of wrought iron bent in the form of a crank, provided with bearings, in which it 
may be turned into such a position as to admit of the gun being rolled out, while, when turned 
into another position, it closes the port. V is the gun-carnage ; Y ' a rack on the under-side of 
the same ; V" a pinion for moving the gun on the slides, and by means of which, combined with 
a friction-coupling, the recoil is checked ; W is a radial sliding-bar for passing the shot into the 
muzzle of the gun without handling ; X. is the steering-wheel, and Y the double barrel for the 
steering-chains Y', which run upon rollers under the deck-beams, a is a bar of steel, 2} in. square, 
inserted in a groove formed on the port side of the turret-shaft, provided with cogs on the opposite 
sides, by raising or lowering which, by means of a train of wheels in the steering-box 6, the chain- 
barrel is worked through the pinion c; e, fore and aft bulkheads to support the weight of the turret 
and turret-shaft, strengthened with angle-irons^ 6 in. by 4^ in., placed 18 in. apart, upon which 
rests the cast-iron saddle /; g, a. key for regulating the height of tne turret-shaft, above and below 
which are plates g' and g" of composition metal to prevent cutting ; A is a cast-iron bearing for 
giving lateral support to the turret-shaft, into both of which square keys are let in, to prevent the 
shaft from turning ; • is a wrought-iron plate, polished on the top side, secured to the deck ; a 
corresponding plate of composition metal, with a projection on the inside, being fitted under the 
base of the turret, with which it revolves. This composition plate does not extend under the outside 
cylinder of the turret, which is supported by being bolted to the base ring ^ as shown in the 
engraving : underneath this part of the turret the space is filled with oakum or similar material. 
Scupper-holes / are provided for carrying off any water which may enter the turret between the 
base-plates in a searway. Plates m are riveted to the four inside courses for sustaining the upward 

Sressure of the gun-slides when the diagonal braces are screwed up, composition rings n oeing 
tted between the upper turret-beam and the collar n' of the turret-shaft, nearly the entire weight 
resting upon this ring when the turret-shaft is fully keyed up. Doors o in the upper transverse 
turret-bulkhead afford communication between the berth-deck and the turret-chamber, the doors /> 
forming communication to the after-part of the ship, and doora q in the lower bulkheads to the 
boiler-room and coal-bunkers. 

Of the Power of SymmetruxU Turret-fire, taken from * Text-book to the Turret and Tripod 
Systems of Ship's Battery,' Gowper P. Coles, from plans by E. Pellew Halsted. Figs. 614, 615. 

Fig. 614 is a deck-plan for a 7-turret first-rate vessel of war ; and Fig. 615 is a midship section 
of a 7-turret first-rate vessel of war. 

Mode of Armament, — Seven turrets or cupolas, with two guns each, so arranged that — 1, the fire 
of four guns can be delivered in line of keel ahead and astern ; 2, the central turrets, and very 
largely the deck itself, are protected from all raking fire ; 3, the deck can be swept fore and aft, 
to prevent possibility of boarding. 

• 

Command of Tubretb : Details vob Befebence to Fig. 614. 

With both Guns, 1. Additional with Single Gum, 

From 85° abaft port beam, to 50° abaft star- 2° aft on port side; 6° on starboard ditto = 

board ditto = 315° or 28 points. 8°, or | of a point. 



2. 

From 50° afore, to 61° abaft port beam = 
111° Then, from 2° on port side of keel for- 
ward, to 81° abaft starboard beam = 173°. Total 
284^, or 25} points, nearly. 

3. 

From 75° afore, to 71° abaft port beam = 
146°. Then, from 60° afore, to 71° abaft starboard 
beam = 131° Total 277°, or 24J points, nearly. 

4. 

From 71° afore, to 71° abaft port beam = 
142°. Then, from 71° afore, to 71° abaft star- 
board beam = 142°. Total 284°, or 25} points, 
nearly. 



6° forward, and 6° aft on both sides == 24°, or 
2} points, nearly. 



2° forward, and 6° aft on port side ; and 7^ 
forward, and 6° aft on starboard side = 21°, or 
2 points, nearly. ^ 



6° forward and aft on both sides = 24° or 
2} points, nearly. 
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5. 



From 71° afore, to 60® abaft port beam = 
131°. Then, from 71° afore, to 75 abaft star- 
boaid beam = 146°. Total 277°, or 24^ points, 
nearly. 



6. 



From 81° afore port beam^ to 2° on starboard 
side of keel aft = 173°. Then, from 61° afore, to 
50° abaft starboard beam = 111°. Total 284°, 
or 25^ points, nearly. 



6° forward, and 7° aft on port side ; and 6° 
forward, and 2° aft on starboard side =» 21° or 
2 points, nearly. 



6° forward, and 6° aft on both sides = 24° or 
2} points, nearly. 



7. 



From 50° afore port beam, to 85° afore star- 
board beam = 315°, or 28 points. 



6° forward on port side, 2° on starboard side 
= 8°, or I of a point. 



Summary. 



With both GnirflL 



No. ofToTRi. 



1 
2 
3 
4 
5 
6 
7 

Mean Command 



Degrees. 



315 

284 
277 
284 
277 
284 
315 



Points. 

28 

25i 

24^ 

25i 

24* 

25J 

28 



Additiokal with SncGLK Uuva. 



No. of Turret 



290° 51' 



251 



1 
2 
3 
4 
5 
6 
7 

Additional Meanl 
Command .. j 



Dc'giecft. 



8 
24 
21 
24 
21 
24 

8 



18° 35' 



PoinU. 

I 

I' 



This power of mean command exists when the mutual obstruction unayoidably presented 
by the turrets themselves is alone taken into account. But even if 50° be subtracted from 
it as a mean deduction for the further unavoidable obstructions presented by masts, hatchways, 
and the like, the remaining 240°, or more than 21 points of the compass, as a mean command for 
each turret, gives, Ba3r8 Halsted, a training-power unapproachable by any other system. The 
shaded spaces between the turrets, however, show the neutral surfaces, untrawrsmi by any fire, to 
be sufficiently extensive to acoonmiodate many of such further obstructions without any sacrifice of 
training whatever. 

CoT^entratum and Direction of Fire, — The whole fourteen g:un8, Fig. 614, can concentrate on 
points in direct line on either beam, 100 ft. distant from the guns of the central turret. No. 4, and 
can train from thence against ships or batteries, throughout an arc of 50° afore and abaft. 

The four guns of 1, 2, and of 7. 6, can simultaneously concentrate on points, in direct line of 
keel forward and aft, 100 ft. distant from stem and stem. If engaged only forward, or only 
aft, this fourfold line-of-keel fire can be supplemented ; if forward, by the alternate single guns of 
6, 7 ; and, if aft, by those of 1, 2 ; all four of which command a line of fire of 87°, or only 3° ffom 
line of keel, forward and aft, on either side respectively. Whether chasing or chased, a nre of six 
guns out of fourteen, practically in line of keel, can thus be maintained. 

To illustrate the bow and quarter fire : — If a radius of 300 ft. be struck from the centre of the 
middle cupola, it will describe two arcs practically equidistant from both bows and both quarters. 
And if an angle of 17°, or 1* point, be measured from the same centre and extended on each side 
of the keel forward and aft, it will fix two points in each arc, 100 ft. distant^ractically, ftx)m the 
nearest part of each bow and each quarter of the ship, as shown in plate. While the four g^s of 
1, 2, are still engaged in line of keel forward, six other guns can concentrate on the above point on 
the port bow ; namely, the two guns each from 3, 6, and the single port guns from 4, 5, respec- 
tively. So, at the same time, the four remaining guns can concentrate on the other like point on 
the starboard bow ; namely, the two guns of 7, and the single starboard guns of 4, 5 ; which two 
turrets can thus ply their single guns alternately on each of the above bow-points. But it is 
farther obvious, on reference to Fig. 613, that Turret 1 can concentrate, or alternate, the fire of both 
its guns, as required, against either the starboard or port bow-point ; while Turret 2 equally com- 
mands the starboard point ; and the defence of the ship, in single or in general action, can thus be 
maintained with her whole fourteen guns — as with an end-on broadside — ^throughout an arc of 
3 points, or only 17° divergent on each side of her line of keel forward. And similarly complete 
and symmetrical is her means of defence aft. Both g:uns of Turret 1, with the starboard single 
ones of 3, 4, can concentrate a fourfold fire on the point on the port quarter ; while a sixfold fire 
pours on the point on the starboard quarter from the two guns each of 2, 5, backed by the single 
port guns of ^, 4 ; the whole four guns of 7, 6, being still engaged, if needs be, in line of keel aft, 
or both those of 7 firing, either upon the port or starboard quarter-point, and both those of 6 pour* 
ing their fire upon the port point. 

The power of concentration, says Halsted, is as simple as it is perfect. It exists from the 
moment the turrets are *' clear for action," without any complicated preparation or combination 
between them, and is carried out by simple direction for all or any turrets to direct their fire 
on any specified point of an enemy's hull within their command of training. 



8teuri»g ti* l\imti. — All ine«iu of tecnrlng 
the turret! in etreaa of vreether me parpoeely 
omitted from the actional design. Fig. 615: — 

1, in order cot to complicate the dmwiug itself ; 

2, in order to keep the subject free for Bpecial 
Btudf when actual oonstruction ahall be under- 
taken. But the following means have been 
fullT oongidered, and are regarded by ableat 
mecluniciana as ample for ever; practical pur 
poee, though iiot incapable, of conrie, of fturthei 



To prevent all Lateral Motion. — Four or more 
powerful horizontal clampe strongly secured to 
under-side of upper deck, working with competent 
screws, and clasping or unclasping from oppomla 
ptnnts the external circumference of turret 

lb prenent aU Vertical Mbiiaii. — Foot or mora 
powerful vertical or oblique chains or roda, 
tinged, as shown in Pig, 613, or otherwise re- 
movable, strongly binding down the turret to 
the stronger puts of the main deok MOund the 
turret-bed. 

Security in Aclion. — The flanges, with the angle 
of cone given to the twenty-four steel rollers, and 
their steel roller-path — upon which, when in 
aotion, the turret revolves — supply ample means 
for the tme and safe working of the turret in 
every state of weather when i& gum can at all 
be used. But these means are farther assisted 
by oeDtering the floor of the turret down to tbe 
central pivot of the working shaft on the lower 
deck, by a system of diagonal trusses which con- 
nect the two : this arrangement folly providing 
against any other motion by the turret than its 
intended horizontal rotation. 

On Upper Dtck. — A clearance (tf S in. snr- 
ronnds the turret on the upper deck, rendering 
highly improbable any permanent choking of its 
Action by any effects of shot. But the opening 
on that deck Is Burroonded by a strong box -gilder, 
furnished with competent rollers, b^ which to 
meet any possible circnmstances making it desir- 
able for the turret to he supported at that point. 
A flexible flange or valve, as in the American 
monitors, keeps that opening water-tight, and 
any possible leakage will find its ready exit to 
tbe sea tbrough the main-deck scoppen. 

The following main details ate, however, 
freely tUted :— 

Coa$trvction. — Bvil. — The construction of the 
hnll is on the same principle of oombined longitu- 
dinal and transverse frames as in the 'Achillea,' 
'Agincourt,' Ac, and other British iron-clads of 
war ; with an inner and outer skin-plating, as 
introduced by Mr. Scott Bussell in ihe ' Great 
Eastam ' stea^-ship. 

The extreme ends are made cellular and 
wata-tight, with the same preparation for rom- 
Dung as in the above-named ships. The whole 
of the intermediate space between the Inner and 
outer skin-platings is subdivided into sectional 
water-light compartments, arranged to be used 
for water-bellaat, to compensate, when necessary, 
for consumption of fuel, and so on, and for main- 
taining the ship at her proper trim. 

Defnute Powert. — Armour and backing has 
been considered in its compound character, and 
not simply in reference to the outer armour- 
plates, 'niroughout all classes and rates, as the 
gnus are the same, so the armour and backing 
are of one character and thickness. The outer 
annour is 6 in. thick ; next teak 11 in. thick ; 
next, 9 in. depth of Hr. John Hughes's hollow 
metal backing <tf (-in. iron ; the bivs in contact, 
nutning longitudinally &om end to end of the 
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■hip, and aeotirely rireted to the l-in. ahin, as well as to the fmmes ; thus oombinin); with, uxd 
giving great strength and rigiditj to, the whole atnictiire, Ab in other inid-clada, Uie ftrmonr 
and teak-backing taper towards the enda, but not the Huzhea' backing. The weight per Bquare 
font of the combined resistiiig media is, maximum 533 1^., minimom 4M Iba^ meau 48i| IbB. 
Ihe leaiitance oT the metol-beckimg is estimated as equal to 3-in. plating. 




Jfdi'n Deck, in all claMu, is level with the top of armour, and laid with l^-in. iron, covered 
with 6 in. of teak. The height out of water ia, in ships of the line, 5 ft. ; frigates, 4 It. \ corvettes, 
3 ft. The only ship armour above main-deck level is that arootid the rudder and its working 
gear. The main-deck hatchwaj^s are limited to such as aie lequiBita for proTidoning, and so 
OD ; the turrets themselves oonstitutiDg capacious hatchwavs for all other purposes. As with the 
upper decks of the American monitora, all main-deck hatchwajs are fitted with high ooamings, 
and 11-in. vatei-tifht iron hatches, hinged, and always in place. This admits of the between. 



decks being flooded without the water t tfA ip g ita way below. Provision is made for getting rid of 
the water, m such case, by a large water-port beneath each main-deck gun-port on the broadside. 
The sides of the main deck are of j-p1ate« aDprotected, the armour being limited to the vital 
bod; of the ships, and all connected with the tuireta. These sides are consequently liable to be 
riddled with shot-holes, thnmgb which the water might afterwards flood the main dock in heavy 
weather. In describing the turret, it will be shown that in such event complete access, as before, 
may still be maintain^ with the lower deck and all below it, even with 3 feet water over the 
mam deck. The lower decks throughout are laid with {-in. plates and 4-in. teak over ; the 

Sper decks with )-in. plates and 4-in. teak. The lower decks are 7 ft. beneath the beams; 
I main decks 8 ft. ; eicept in the corvettes and ocean-despatch, where both are 7 ft. 
Spar Deck. — This ntost important feature in aid of the whole ondertaking is adopted from the 
mdimental spar decks, eonneotii^ tnriet with torret, in the American monittHs. In its application 
here, as a war arrangement, the teaiUng idea has beui this, — the upper deck proper being regarded 
M if it wore the main deck of an ofdinary IHgate. In auoh case tJie beams of the overhead deck 
would cadinarily reoeive end support from the walla or aides of the ship, as {Aereed with ports for 
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broadBide-fire. But these beamB would reoeive oentnil supports also from two rows of stanohions^ wA 
fixed, but hinged, and remoTable as required. Now, the support of the spar deck represents, as it 
were, those two rows of central movable stanchions, converted into a system of fixed central 
support ; the main-deck sides or walls of the ship being then altogether removed, so as to give free 
scope to a central, rotary, all-round turret-fire, substituted for that of the broadside. But the 
strength of that central svsten) of trussed diagonal support for the spar deck enables it to fulfil 
also every office of a complete working uppner deck, for boats, capstans, rigging, working ship, and 
the like, whether the turret guns beneath it be silent or in action. In all bad weather, and espe- 
ciallv when steaming head to wind and sea, it thus constitutes a practical free-boara of ample 
height to secure all comfort and safety. The spar deck is constructed as a girder. Its lower 
convex skin is of ^ steel plates, laid perfectly smooth ; its upper convex is of |-in. iron, covered 
with 3-in. teak. Its edge is stiffened and strengthened by a continuous box-girder of J-in. plates, 
4 ft. deep and 2 ft. wide, constituting the hammock-netting. 

Resistance of Spar Deck to Explosion of Turret Ouns behw. — As two features of great novelty and 
importance are here involved, it is felt necessary thus to notice this subject. The question ia ob- 
viously one of due strength. An experience of over three years, says Halsted, writing in 1867, has told 
us that 'decks of wood, with or without an underlay of iron plating, suffer no injury, beyond being 
blackened, by charges varying from 35 lbs. to 45 lbs. fired even less than one foot above their 
surface : and the nearest point of the under-side of any of these spar decks to the bore of the 
gun beneath it is 5 ft. 10 in. Again, long experience has determinea that the angle of so-called 
explosive force diverges 45° from the circumference of the bore, in equal effect all round, but 
diminishing in effect directly as the distance. Thus the point where the explosion from the nearest 
muzzle will impinge on the nearest under-side of the spar deck above it will be increased to 8 ft. 
9 in., presenting a smooth surface of steel. And if its strength be but equally resistant as that 
layer of a deck of wood, 1 ft. 4 in. distant, as in the ^ Boyal Sovereign,' which lies nearest to a 
muzzle above it, and suffices to resist all injury ; it is clear no apprehension for these spar decks 
need be entertained. But if indeed it be found less than that wooden standard of sufficiency, 
then a further layer of iron plate, even to an inch in thiclmess, over the arc of impingement 
IB easily added. 

Figs. 613 and 615 illustrate other details of construction not here described. 

Seareomg turret-ships, by Admiral Paris, Figs. 616, 617, 618, 619; taken firom the ' Artizan' 
for April, 1869. 

The subject of sea-going turret vessels, which is one of vast importance to this country, has 
just now acquired still greater interest from the fact lately disclosed by Mr. Childers, the present 
chief of the Admiralty, that our Government have at last determined to entirely leave oft' building 
wall-sided iron-olads, and construct only turret ships. 

Few, if any, authorities upon this subject stand so deservedly high as Admiral Paris, who 
has devoted so many years to the study of its merits, and we have therefore given the foUowing 
explanation of his views as conununicated by him. 

Since the first appearance of the * Gloire ' as a sea-going iron-clad, but few changes have arisen 
in the general features and form of vessels of this type. The only alteration of a notable character 
consists in the adoption of a central battery, which system has been rendered necessary, because, by 
reason of the increasing penetrative power of shot, it has been found practically impossible to carry 
armour of sufficient thickness over the whole length of wall-sided ships to afibrd them ample pro- 
tection. One consequence of the introduction of central batteries has been a reduction in the 
number of guns carried by a vessel; thus ships of the magnitude of the * Bellerophon * and 
* Hercules ' now carry only four or five guns on each side. 

It is evident, however, that these guns will be more effectively used in a turret than in a 
central battery ; and this is now beyond dispute, the doubts militating against the turret system 
having been cleared away by the trials of monitors in active warfare, and by their sea voyages. 
Also, as all iron-dads have been built of the same shape, that is to say, with vertical sides and 
rounded bottom, they commonly roll heavily, shipping water through their ports and over their 
bulwarks, and preventing the use of those guns which in the old ships of war would have probably 
been brought into action : to this defect must be added the danger arising from the rolling of the 
vessel, which tends to expose the weak or unarmoured parts of the vessel every few seconds. Hence 
at the present time it appears that, in the ordinary system of wall-sided iron-clads, the limited range 
of guns, the low height of their elevation above the surface of the water, and the rolling of the 
ships, are defects gravely impairing their other qualifications, which have been so greatly enhanced 
by the skill of many of our modem engineers. 

There appeared however, in the United States of America, a peculiar description of vessel, 
which was only designed for navigating rivers, but was found to possess a remarkable stability in 
a sea-way, only rolling about one-third as much as vessels of the ordinary build. The natural 
conclusion from this almost unexpected result is, let us adopt similar shaped vessels ; or, in other 
words, let us build monitors. But if this form were adopted throughout the entire navy of any 
country, she would be unable to carry on a war in open sea in bad weather, as it is acknowledged 
to be unsuitable for a heavy sea. The problem, thereforo, is how to obtain the advantages of 
stability and extensive range of firo as possessed by the American monitors, in vessels capable 
of navigating the ocean in all weathers. This problem Admiral Paris endeavoured to solve, after 
having had the advantage of studying the various models in the Paris Exposition, and having 
reliable information respecting the monitors, together with long experience at sea. To design a 
vessel which should be as free from rolling as a monitor ; as seaworthy, and with as good accom- 
modation, as vessels of the usual form ; and carrying her guns a sufficient height out of the water, 
with an all-round fire, was his object. 

As regards stability, or freedom from rolling, it is well known that a boat-hook fioating in the 
water, fu^ kept right by the weight of the iron end, is least affected by the waves. Again, a 



C' [ik weighted on the tnttmn side will not roll; while abodyintharonnofasphereiorsejlinder, 
no Btabilit; of ita own, and Tequirea a kive amount of ballaat to keep it npright. The 
contrast between the motion of different abapes of buoj* in a hcBvy sea, is a aimple illoBtraitioD of 



water, auch aa a boat filled 
witli water, or a piece of ice, 
moves with the Wftfea, but only 
so far. The first of these forms 
would, of conree, be impossible, 
as the vessel would be iinprac- 
ticablj deep ; besidea which, a 
tomplete immobilitT is unde- 
Birable. The merits of the 
ciroular form are about to be 
proved by the Winan's yacht, 
nnd presents many difflcoltiea : 
while the monitors have proved, 
on a large scale, the infloence 
of naves npoa a body of a 
Bpeciflo gravity nearly equal to 

These three lllustrationa, 
applied to the usual conitmc- 
tiou of a vessel, vrhich may be 
described as a semi-cyliiideT, 
with a parallelopipedon over 
it, show that It is the form of 
mutimum rolling, especially if 
weight ia fixed outside to add 
to the inertia. It is well known 
that a raft rolls less than a 
boat; whilea boat-hook, floating 
doae to them, is quite motion- 
less, for which reason it has 
been employed as a wave- 
tracer for showing the rolling 
of ships and the motion of 
waves, and hea been found to 
act very perfectly. It is, more- 
over, necessary to rely upon 
the well-eatabliahed Fact of the 
noo-ralling of the toonitora, as 
the excessive motioD of irau- 
clsd vessels have fully proved 
oar ignorance of the laws 
which govern the motion of shipa, because if any theory upon this point leally existed, it would 
be unpardonable not to have applied it. 

For this reason, when it was flrst proposed to construct Iron-clad vessels, Admiral Paria 
proposed that a model should be built— say about 130 ft. long— with iron frames and wood 
pluikin^ fastened with screw bolts, thus mskmg a composite vessel. With such a vessel eiperi- 
ments might have been tried with weights in every possible position ; and after having ciperimented 
■ufflciently, the boat rnight be hauled ashore, the planks removed, and the fiamee put in the 
furnace and aftcrwarda bent, so as to form a vessel of some different shape upon which to try 
similar elperimeDta. By these means a considerable amount of practical knowledge ooold have 
been obtained aa to the best form of vessel for viat purposes. 

It has been already mentioned, the monitor is the beat fotrn of veawl for stability, and is alaa 
perfectly adapted to the smooth Burface of rivers, where the ship's company have frequent oppof- 
tunitiea to breathe pure air ashore, though they cannot be considered as aiiapted for long voyages 
at sea. The firat monitor waa sunk in weather which permitted another ship to use her boats; 
while the 'Weehawfaee' and the ' Affondatore ' suflered the same fate, in consequence of opening 
the hatches to breathe a little air after a bottle. 

The point, therefore, ia to attain as near as possible to the non-rolling qnolily of the monitors, 
and avoid their unseaworthiness, which the Admiral endeavoured to aooomplish in the following 
manner. It will be seen from Figs. 616, 617, 618, 619, that the midship section of the proposed 
vessels are formed of porta of circles for the sides with a Bat bottom, the sides riling but a short 
distance above the water-line, and ooverod with a deck for a certain distanco inwaras : when the 
■ides ogoin rise to a sufficient height to admit of porta being placed well above water, this portion 
being long and narrow, somewhat similar to a rivei eteamer in ahepe. Upon reference to the 
OTOM sections. Figs. 617, 618, it will at onoe be observed that, with the exoeption of the compara- 
tively narrow raised portion, the vessel is similar in section to a monitor, and oonsequently 
possesMS the similar properties of stability. This element being the most importont point, it waa 
necesMry to study it carefully, and, therefore, Paris calculated the positions of centre of oarim 
(that pcKtion of a vessel which is below the water-line, when floatiii^ in any position, whether 
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nprij^t at inclined) and the metaoentnL both when the Tesael was npright and also when heeled 
over at variona angles up to 20°, fnnn which the following Table was obtained. 





Draught 
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To 
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r^ 
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Vesael npright 
Inclined 5^.. 
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« li)**.. 

« 20°... 


m. 
6-750 
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6-795 
6-840 
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8368 
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2-875 

2-90 

2-95 

303 

3*12 


m. 
00 
0*42 
0-73 
102 
1-29 


m. 
5*85 
4*05 
3-40 
3-30 
3-48 


-0-58 
-0-60 
-0*62 
-0*65 
-0-70 


2-30 

2*31 

2*335 

2-375 

3-415 


m. 
3-55 
1-74 
1-065 
0*925 
1-085 


29716 

14560 

8912 

7740 

9079 


72766 

• • 


0-408 
0-209 
0106 
0092 
0107 



Yeaselfl of this form are notable dippers ; bat, for the sake of comparison, we will take a spread 
of canyas equal to that of an old three-decker with 3000 square metres, the centre of effort being 
26^-20 above the water-line. The Admiral then oomparod the moment of stability at various 
inclinations with that of vessels built upon the old sjstem, and given in a Table in a most 
instructive work by M. Freminville, Bub-<ureotor of the school of G^e Maritime, entitled * Guide 
du Marine,* which is as follows : — 



NaaMsafShlpti 



* Breslaw,' 100 guns, with full complement 

Stores having been used 

*TBge,* 90 guns, with ftdl complement .. .. 

Stores luLving been used 

' Breslaw,' with fall complement 

' Alceste,* 52 guns, with full complement . . 

Stores having been used 

'Jeanne d'Aro,* 44 guns, with full complement .. 

Stores having been used 

'Eurydice,' 30 guns, with full complement 
' Obligado,' 10 guns, with full complement 

Stores having been used 



Value of 
M 

the ships 
indicated. 



Batio of the stability of the propoaed ship, 

Fig. 616, to that of each of 
the vessels named below, for inclinations of 



0082 
0-059 
096 
078 
076 
0-067 
0-053 
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47 



800 
5-30 
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3-31 
4-10 
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3-21 
3-37 
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1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 



29 
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11 
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68 
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63 
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1 
1 

1 
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55 
95 
18 
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1 
1 
1 
1 
1 
1 



73 

46 

80 
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41 
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times. 



1 
1 
1 
1 
1 
1 
2 
1 
2 
1 
1 
1 



•30 
'84 
■12 
•37 
'41 
-60 
00 
70 
10 
39 
64 
88 



From these Agures it will be seen that the stability of the proposed ship, Figs. 616, 617, 618, 
619, which has been calculated for a light cargo, or at least for a mean one, is eight times that of 
some of the old ships after the stores were used ; and if compared with the * Tage,' with fall com- 
plement of stores and provisions, the ratio is 4-25 times, the position of 616 being normal. But 
it is to be observed that at 5° the ship. Fig. 616, hss 5 per cent, less stability compared with the 
*Tage' with fuU complement, but 1-18 more after the stores have been used. It has also to be 
remarked that though the stability is a minimum at the angle of 15% it rises aftorwards, and at 
20° is much higher. 

Admiral Paris is aware that the comparison with the ships mentioned is not so fair as would 
be one with old ships having " tumbling home " sides, such as the * Boyal Louis,* and so forth, 
designed by M. Ollivier in 1750, and such as that proposed by the Admiral formerly. These have 
a carene like other ships-— that is to sav, 88" long, 18"" -20 beam, and 8™ draught; but the upper 
deck would not be proportionately so wide as the more modem vessels, so that the metacentre would 
be motionless, as in the old class of ships, as shovm in the work entitled ' L' Art Naval h, Exposi- 
tion de 1867.' The plan first proposed, and here alluded to, was but a first step towards the; 
present arrangement. 

It should here be observed that all the calculations relating to the present proposed form of 
torret-sbips have been made in reference to the largest, shown in Figs. 616, 617, 618, 619, and 
proportionately reduced for others, of which the lines and proportions are relatively the same. 

it may be of advantage to those engaged in the examination of such questions as that under 
present consideration to he made acquaijited with the method pursued in the calculations to econo- 
mize time and labour. 

The calculation of the centre of carene for a ship when inclined is exceedingly tedious, where- 
fore the writer employed a term called the mean section^ which is obtained by taking the arithme- 
tical mean of the ordinatos to each water-line, and setting off the height as obtained in this 
manner. Then is the centre of carene situate in the centre of this figure, as may be proved by 
arithmetically calculating a centre of carene according to Stirling's differential method, as employed 
by the Swedish constructor Chapman, the Froioh naval architect ClairboiSy and now adopted by 
naval architecte generally. 
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Figs. 620, 621, 622, 623, represent one of Captain Gowper P. Coles' tnrret ships lately designed: 
this is a vessel of 4272 tons, or about the same as the * Bellerophon,' but with low freeboard from 3 ft 
to 4 ft. out of the water. Her length between perpendiculars would be 320 ft. ; beam, 53 ft. ; two 
turrets, with guns 12 ft. above the water and 11 ft.horizontaUy from the sea. Between the turrets 
a deck-house is built, of the ordinary scantling of an iron ship, extending towards the vessel's sides 
at an angle that allows the turrets to cross their fire at 68° on the oeam, and commanding an 
uninterrupted fire around bow and stem. This deck-house may be one, two, or three stories lugh, 
according to the accommodation required — ^in the present instance it is two stories high, sur- 
mounted by a hurricane deck 22 ft. out of the water. In the upper or second story, 6, 6, 6, good 
accommodation is provided for the captain, the dining cabin being 24 ft. by 13 ft., with a suite of 
cabins in proportion, a commander's cabin, a wardroom, and four other cabins for officers, office, 
galley for the officers, a sick bay, baths, and w.cs. for both officers and men. The cabins and 
apartinents on this deck would receive light and air from ports 2 ft. square, and 18 ft. out of the 
water, besides ventilation from the hatchways communicating with the hurricane deck. The 
lower or first story, c, c, c, would have mess-tables for 300 men, her fighting complement, a galley, 
midshipmen's, engineers', and warrant-officers' berths, besides four cabins for officers. This deck 
would receive air and light by means of ports 18 in. square, 11 ft. 6 in. out of the water, beside 
hatchways. All the hatchways on this deck leading below would have the means of being closed 
and kept water-tight the same as in monitors. The remaining nine cabins for officers would be 
on the lower deck, which corresponds with the * Captain's ' and ' Koyal Sovereign's,' receiving light 
from deck-lights, and ventilation by tubes communicating direct with the outer air through the 
deck-house ; there would also be provision made on this deck for messing 300 extra men, should it 
be required. 

From the central position of the deck-house, as well as the horizontal and vertical distance 
from the water to the ports, and openings in it, free ventilation will be insured in all weathers, 
whilst the comfort and accommodation mH be second to no vessel in Her Majesty's navy. 

From the form of this vessel above water, and the little resistance shown to wind or sea, lighter 
anchors and cables might be used than usual ; but in this case we will suppose them to be the same 
weight as the * CaptainW The cables would be led through fairleads at the edge of the bow along the 
upper deck, and through hawse-pipes, 8 ft. above the water, into the lower story of deck-house, 
wnere they would be worked by two steam capstans, one on each side, as in the * Boyal Sovereign.' 
The bower-anchors at sea would be stowed upon the deck without interfering with the firing or 
depression of the turret guns, and the spare anchors against the deck-house. The anchors can be 
worked on the bow or stem with equal facility. She would have the usual complement of boats, 
namely, two 42-ft. launches, two 32-ft. steam cutters, two 28-ft. life-boats, a captain's galley, and 
an officers' gigj which would be hoisted up by davits to the deck-house, and so arranged that at 
any moment they can be turned inboard when firing at sea. 

Opinions will differ upon the question of masts ; but, after considering the report of our iron-clad 
squadron, as well as other practical evidence, from which it appears that our ships as now masted 
are incapable as a fleet of manoeuvring under sail without the aid of steam, the balance of 
advantage is, in Captain Coles' opinion, against such useless masts and sails, and in favour of fuel 
being substituted for the weight thus gained. Masts may be desirable to assist in decreasing the 
rolling propensities of high freeboard ships ; but for vessels of low freeboard, with their decressed 
rolling, the Captain maintains that we can afford at once to sweep away the masts, gear and 
rigging, as antagonists to the steaming and fighting powers of war ships, and can at any time 
resort to temporary or small ones for fore and aft sails, such as * Boyal Sovereign ' and * rrinoe 
Albert ' have, shoidd it be considered desirable. In the stowage of fuel, weight aad space have to 
be considered. In this vessel every 100 tons would make a difference of a1x)ut 3 in. draught of 
water. In an armoured vessel the saving in weight, inherent to low freeboard, and the absence 
of masts gets rid of the greatest part of the difficulty under the head of weight ; and the author of 
,the design finds that, after giving ample accommodation, as before explained, for a crew of 
300 men, and extra acconmiodation for 300 more men, making in all 600 men besides the offloers, 
she would stow upwards of 1000 tons of coals, and even more, at the sacrifice of 3 in. immersion 
for every 100 tons. 

The armament would consist of two turrets, with 13-in. armour, carrying four of the heaviest 
guns that can be procured, say 600-pounders, 12 ft. above the water; and two pivot-guns, if thought 
expedient, on the hurricane deck, 22 ft. out of the water: the latter may be found advantageous 
for firing down upon a ship's decks ; and it is believed a vigorous fire kept up by rockets and 
breech-loading rifles, from the position and height of this hurricane deck, would have a great 
effect upon an enemy's upper deck and open ports. Leaving the pivot-guns out of the qne^ton, 
the fighting powers of tms ship's turrets would remain as follows : 88° of the circle are com- 
mand^ by two 600-pounders, throwing a broadside of 1200 lbs., and the remaining 272° by four 
600-pounders, throwing 2400 lbs. ; and it will be observed that this ship can engage end-on with 
two 600-pounders, and at 22° from the line of keel, or only two points on the bow, with ftmr 
600-pounder8, which would be her strongest point of attack; the importance of this is much 
increased when it is considered that all well-designed iron-clads will endeavour to present their 
bows to the enemy, when this ship would show the deflecting surface of a sharp protected bow, 
not more than from 3 ft. to 4 ft. out of the water, and a circidar turret 9 ft. high above it ; whilst 
in broadside-ships of approved model, a bulkhead some 20 ft. above the water is placed across the 
ship to protect their guns, which, when fighting end-on, presents a large and weak target at right 
angles to the enemv's raking fire, which might place their battery hora de combat before a chance 
of using their broadside-guns occurred. 

In comparing the defensive powers of Captain Coles' ship with the high and weaker sides of 
broadside-shipB, and of the * Monarch,' when we say that her sides and turrets would be protected 
with 13 in. of iron, we give but a small idea of her great superiority, in some reelects, over any 
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high freeboard Teeed yet boat, for her lownew of freeboard will give her antagonirta bot a BOTTy 
chance of hitting her, whilst her steadier platform will redaoe the chano™ of her being hit below 
the water-line to the mimmum. Lownesa of fieeboud may be mid to facilitate being boarded ; 

but, sapposing an enemy to 

get upon the tnrret deck, he ^jj, 

would have to take poaseBBioa • 

of the deek-houBe, which, from [ 

its position and hmght, oa 

well as being enflladed by the 

tmrete, would be a matter of 

great diflSculty. 

Twin BorewB and no masta, 
in combinatioti with the pecu' 
liar form of the Teesel above 
water, showing so little reaist- 
anca at her ends to the wind 
and Be&, It is bcdieved will 
aaaiat in iuaming both speed 
and handineae to the fnllcat 
extent, as well as her absenee 
of motion as compared witli 
our present iron-clada, whoee 
great loBs of apoed at sea may 
be attributed in a great mea- 
sure to their flomidering pro- 
pensitiea. Her engines would 



be of 900 horse - power, a 
capable of propellmg her 
the rate of 14 knots. 1 




the rate 

priociple of a deck-houae 
be modified to aait veasela of 
all aizes, oerrying from ona 
turret upwards. 

A ooe-turret ship would 
have the deck-house extend- 
ing within about 10 ft. of the 
atem, balancing the turret by 
the other weights in the ship. 
A three -tuiret ship would 
bave the third turret mounted 
on the hnrricane deck before 
the funnel, bringiog four guna 
right ahead. A four -turret 
ship wonld have the second 
and third turrets mounted at 
each end of the hurricane 
decit, bringing four guns right 
ahead and BHtem. It might 
be thought advisable in some 
inatanoes to make the upper 
turrets of lighter iron than 
the lower ones, merely cover- 
ing the guns mounted in pain 
on turn-tables by a light iron 
turret, protecting their crawa 
from rifies, grape, and canister, 

BAY. Fb., Bait iie portt, 
it fenitn); Geh., Ognting fir 
ThSt Oder Fauter; Ital., Apir- 
tura; SPAS, Abcrtura «n una 

In builders' work, the space or extent embraced by one mode of oanstruotion, at t, bay of hittt, 
which ia the aurfooe covered by the joiating filled in between any two binding-joiats ; or a bag of 
roofing, which ia the part filled in with common rafters between a pair of principal rafters. 

The openinga between the supports of a bridge are also called bayi. 

BAY OF JOISTS. Fa., Pannniu, Ataembtage da Charpentt; Obs., Pillung, FacAaerk ; Ital., 
Commettitura ; Span., Zui di tracitiia. 

Bee Bat. 

BAY OF BOOFINa. Fb., Trav^ da cxmbla ; Gra, DacStttMffUt, DacUatten ; Ital, Soompar. 
timmio del tetto; BPAN., Zui de cobertiio. 

Bee Bat. 
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BEDDING TIMBEBS. 293 

A bead on the edge of a boaid, as shown in Fi^. 624, is called a nosing ; if on the face, but 
flush with the surface, and with one quirk only, as m Fig. 625, it is called a quirk-bead. But if 
with two quirks. Fig. 626, it is called a double quirk-bead ; and if struck on the angle of a piece 
of work, Fig. 627, it is called a retumrbead, 

634. eaS. 698. 62T. 628. 629. 









A bead projecting beyond the surface, Figs. 628, 629, is called a cock-bead, and sometimes 
9k cocked bead. 

Bead and Batten Work, — An expression used by carpenters to denote a rough style of wwk 
oompoeed of battens with a bead run along the edge in the direction of the grain of the wood. 

Bead-butt — ^A term in joining applied to work framed in panels, when the latter are flush with 
the framing and a bead is struck or run on two sides only of the panel in the direction of the 
grain of the wood. The ends of the bead are made to stop or outt against the rails. See 

DOOB. 

Bead-fiush. — ^A term applied to framed work, which difiers from the last, in haying the 
bead run on the framing instead of on the panel, and in being all round, instead of on two sides 
only. 

BEAM. Fb., Poutre; Geb., Balken, Trager; Ital., Trave; Span., Viga^ Tirawte. 

A'beam is a piece of timber or metal, or both combined, used for sustaining a weight, or coun- 
teracting forces by tension and compression in the direction of its length, and by widening and 
narrowing in the directions of the breadth and thickness. 

The word beam in builders' work is most frequently subjoined to another word, used adjeo- 
tively or in apposition, to show its use or form, as binding-beam, box-beam^ built-beamy camber-beam, 
ooiktr-beank, hammer-beam, dragon-beam, atraining-beam, tie-bifam, trellia-beam, trusaed-beam, and so on. 
See Strknoth or Matebialb. 

BEAM-FILLINQ. Fb., Mafonnerie de rentpliaaage cm niveau dea poutrea; Geb., Mauervoerk 
zwiachen der Balkenlage ; Ital., Biempimento ; Span., Belleno, 

Masonry, brickwork, or concrete fllled in from the level of the under-edges of the beams to that 
of their upper edges, is known as beam^fiUinq, Beam-filling occurs either between joists or floor- 
beams, or in filling up the triangular space between the top of the waU-plate of the roof and the 
lower edges of the rafters, or even to the under-surfieu^ of the bocurding or lath for slates, tiles, or 
thatching. This operation is necessary in garret-rooms, where the walls form sides of apartments, 
and where the tie-beams are placed above Sie bottom of the rafters. 

B£ABEB. Fb., Lieme; Gkb., Bindeaparren ; Ital., Sostegno, Portante; Span., Cadena. 

Generally, this term is applied to any member of a structure which has to support a weight 
above it, as the joists in a flat roof, or the short pieces nailed to the rafters to support the gutter- 
board in a roof-valley, Fig. 630. 

The term may also be applied to any beam, whether of wood 
or iron, placed horizontally, which has to support a weight above 
it, as to a bressummer, which is only a particular application of a 
bearer. 

BEABING. Fb., Coilet; Gkb., Lager; Ital., CoOetto; Span., 
Pvnto de apoyo. 

Bearing of a ^:irder or beam is the portion of it which rests on the supports. 

Timbers or Imtels let into a wall have usually a bearing of 9 in. at each end; stone steps 
should also have a bearing of 9 in. 

The bearing of joists or other beams supported at both ends is regulated by the resistance of 
the material to crushing. A bearing of 4§ in. on the sleepers or wall-plates is usually considered 
suificient in ordinary dwelling-houses. 

Girders and beiuns are said to have a solid bearing when supported throughout their whole 
length. But in the case of sills, and so forth, when not so supported, they are said to have 
a £Use bearing. 

The bearing-diatance is the unsupported part between the bearings. 

BEABING OUT. 

This expression, generally apnlicable to new work, is used by painters to imply that a third, 
fourth, or fifth coat of paint has oeen so fully and evenly laid upon the previous ones, that the 
original colour of the body, the knotting, the prinung, and the under-coats, cover well, and give no 
sign of disfiguring the glossy surface of the finishing coat. 

BED. Fb., Semelle ; Geb., Tragaeite ; Ital., Corao, 

In masoniy and brickwork is the upper and under side of a stone or brick. In arch-stones the 
beds are the joints which radiate towards the centre. In slates liie under-side is the bed. 

Stones are usually specified to be laid on their quarry-bed, that is, the same relative position they 
had before they were quarried. 

In builders' measurements the term beds and joints is used to designate all the parts of a 
stone covered in the work, in contradistinction to the face. The term also includes the back, if it 
be measured. 

BEDDING TIMBEBS, the PBOCEas of. Fb., Poaer lea racinala ; Geb., Legen der Grundhfflzer ; 
Ital., Fare U ktto alle travi. 

Bedding Timbera, — ^Laying them on a wall or otherwise on a bed of mortar, cement, or putty, so 
that the bearing may be solid or uniform throughout. Wall-plates and sleepers are bedded in 
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this way. Care should be taken when bedding timbers to allow a free cizonlation of air aronnd 
them, otherwise they are liable to rapid decay, particularly if in contact with lime-mortar in a 
moist state, as the hydrate of lime in the mortar abstracts the carbonic add gas from the wood, 
which hastens its decay. 

Beddiru] Stone. — See Settino. 

BED-PLATE. Fr., Phqw de fondaiion; Gbb., Grundplatte ; Ital., Fiastra di fondatione; 
Span., Plancha de cimiento, carrera. 

A bed-plate or bed-piece lb the principal or foundation framing or piece, in machinery, by which 
the other parts are supported and held in place ; the bed. It is also called the base-jiate and the 
sole-plate. 

BEETLE. Fb., Maillet; Geb., Rolzschlegel ; Ital., Mazzttolo; Span., Maleta, 

Beetle is a name given to a heavy mallet or wooden hammer, used to drive wedges, beat pave- 
ments, and the like. The term beetle is also applied to a machine used to produce figured fabrics 
by pressure from corrugated or indented rollers. 

BELL. Fb., Cloche; Geb., Glocke; Ital., Campana; Span., 
Campana, 

A bell is a hollow metallic vessel, which g^ves forth a clear, 
musical, ringing sound on being properly struck. The most common 
form of bell is shown in Fig. 631. In this form it is expanded at the 
lower part, is furnished at the top with an ear e, for the purpose of 
suspension, and has within it a tongue or clapper T, by the blow of 
which the sound is produced ; S S, straps whicn secure the bell to the 
rock-shaft F, F ; B is the bell-rope, and W W the vibrating wheel. 

Another form, especially of small bells, is that of a hollow body 
of metal perforated, and containing a loose solid ball, to make a sound 
when it is shaken. 

In the formulas. Table I., D = the diameter of the bell at the 
mouth, in inches ; d = the diameter of the b^ at the crown ; A = 
height of the bell from the mouth to the crown ; S = the thickness of the sound-bow, in inches ; 
W= weight of the bell in lbs. avoirdupois (7000 grains = 1 lb. avoirdupois, and 5760 grains = 1 lb. 
Troy) ; n = the number of vibrations a second, corresponding with the kev-note of the bell, see 
Table U.; k = the coefficient, expressing the relative thickness of the sound-bow to the diameter of 
the bell — it varies from '07 to "08. In peals of bells the sound-bow is generally put, S = '08 x D 
for the triple ; S = '07 x D for the tenor ; and the intermediate bells in the peid, proportions lying 
between these for the respective sound-bows. 
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n = 58000 -^ 
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Table I. 

D = 240-83 \/i 

n 

D = 21-947 V — 

n 



k 

D = 58000 - 
n 



[7] 

[8] 

[9] 
[10] 
[11] 



8=^ [IS] 

8 = *D [14] 

* = 5 P*^ 



W= DdS (0-5- 00002816 <0 + '00375 A(P8 .. .. [17] 

Example 1, to illustrate [1], Table I.— Kequired the weight (W) of a bell, the diameter D=60 in., 
and the tiiickness of the sound-bow S = 4*8 in. ? 

[1]. ^SD^SsWs -25x602 X 4-8 = 4320 lbs. 

Example 2.— A bell of 2636*4 lbs. (W) is to be constructed with a sharp note, putting for the 
sound-bow K = '075 ; what is the diameter (D) of the bell ? 



From Table I., [10], D = V ~r- = V — 77^ 



s/4x 2636-4 
075 



= 52 in. 
Example 3.— Required the diameter (D) of a bell with the key-note D» in tl^e first octave above 



;.— weq 
zero, the bell to be light with a full note? 

In this case k = 07, and n = 152*25. Table IL 
D, the diameter = 58000 - = ^^^^^' ^ = 261 in. [11] Table L 

Example 4. — Required the key-note of a bell with D = 44 in., and S = 3*62 in. ? 

[4]. n = 58000x77TT-,=i 58000 — = 105*45. 

(44)* u* 
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In Table H. the nearest nnmber 105*45, in the first octave below zero is 107*63, which answer* 
to the key-note A. 

Table II.— Vibbations a Seoond = n. 



Kej-Note. 



Bam. 



N 



Tbbblb. 



3rdOctoT& 





o« 

D 

£ 
F 

G 

out 

A 

B 




16-000 
16-947 
17-960 
19027 
20 159 
21-357 
22-627 
23-972 
25-398 
26-908 
28-508 
30-204 
32-000 



2iidOcUve. 



1st OcUv«. 



32 

83 

35 

38 

40 

42 

44 

47 

50 

53 

67' 

60- 

64' 



000 
895 
920 
055 
318 
715 
255 
945 
797 
817 
017 
409 
000 



64*000 
67-790 
71-840 
7dll0 
80-636 
85-430 
90-510 
95-890 
101-59 
107-63 
114^03 
120^82 
12800 



1st OcUve. 



128-00 
135-58 
143-68 
152-22 
161-27 
170-86 
181-02 
191-78 
203-19 
215-27 
228^07 
241 • 63 
25600 



Snd Octave. 



SrdOctare. 



256 00 


512-00 


271 00 


542-32 


287-36 


574-72 


304-44 


608-88 


322*54 


64509 


341-72 


683-44 


362*04 


724-08 


383-56 


767-12 


406-37 


812-75 


430-53 


861-07 


456-13 


912-27 


483-27 


966-54 


512 00 


1024 



Example 5.— A bell has to be cast with the key-note G in first octave below zero ; required the 
diameter D, when the weight = 6561 lbs. ? 

We find in this case n = 64, Table II. 







.•. [91 Table I., D = 21^947 V ^^ = 6984 


in. 




Example B, 


—What is the thickness (B) of the sonnd-bow of the bell in Example i 


5, D=: 69*84; 


n = 64? 










^t-3.TablaI,8 = ^=«4£!*^ = ».38in. 








Table TTT. 






AlMda» 


flnlln&tA w 


TmcKHsas or Hral. 






■w 




8 = 1. 


8=0YD. 


S=*0Y5D. 


Ss-OSD. 






1 


0-4142 


1 


-700 


•750 


•800 






n 


0-686 


•800 


•560 


600 


•640 






2 


0-867 


•653 


•459 


•490 


•522 






2} 


0-974 


•547 


•382 


•410 


•437 






3 


1-025 


•474 


•331 


•355 


•379 






8} 


1030 


•423 


•295 


•317 


338 






4 


1-000 


•380 


•266 


•285 


•304 






H 


0-955 


•351 


•245 


•263 


•281 






5 


0-875 


•327 


•228 


•245 


•261 




• 


H 


0-775 


-301 


■211 


•226 


•241 






6 


0-665 


•291 


•203 


•218 


•233 






6i 


0-530 


•286 


•200 


•214 


228 






7 


0*390 


•279 


•195 


•209 


-223 






7J 


0*235 


•272 


190 


•204 


•217 






8 


0075 


•267 


•186 


•200 


•213 






8^74 

« 


0780 


•333 


•283 


•250 


•266 





Example 7.— If D = 50 in., d = 27 in., A = 36, and B = 4*, what is the weight (W) of the bell? 

From [171 Table L, W = D rfB (•5 - •0002816(0 + '00375 Ad> 8 = 50 x 27 X 4 (4*9923968) 

+ 393' 66 = 3092 * 13936 lbs. 

When a bell is to be constmcted, we generally have the weight or key-note given, the diameter 
and sound-bow are calculated by the preceding formulas and examples, and we may then proceed 
with the construction, shown in Figs. 632, 633, 634. 

The diameter of the bell at the mouth is divided into 10 equal parts, called strokes, which then 
is the scale and measurement for the construction. 

Shrinkage to be allowed for Aths of an inch to the foot. 

The section of a bell is generally laid out on a piece of board represented by the lines a, 6, c, d^ 
which then is cut out and lued for turning up the mould for the bell. The board should be about 
11 strolEes long, and 2 * 5 strokes wide. Through the centre of the board draw the line p, q, parallel 
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to 6, c ; bifieot the line p, q, and set fonr (4) stiokee from the bifleoting point towaids each end ; divide 
the strokes into halyes, and number them as shown on the aooompanyin^ drawing, Fig. 632. Through 
each dlTision draw lines at right angles to p, q, set off the oorresponcUng oidinates y expressed in 
strokes, Table in., and join them by a curve-line, which then will be the centre of thickness of 
metal in the bell. 



632. 



636. 




634. 



68S. 



At the end of the first ordinate, as a centre, draw a 
circle with a diameter equal to the desired thiclmess ef 
the sound-bow, which should be from 0*7 to 0' 8 stroke. 
At every succeeding ordinate draw a cirole with the 
diameter noted in Table HI. : for instance, if the thick- 
ness of the sound-bow is 4^ in., then the thickness of 
metal or diameter of the cirole at the third ordinate will 
be 4*5 X 0-474 = 2*133 in.; but if the sound-bow is 0*7. 
0*75, or 0*8 stroke, the thickness of mettd at the third 
ordinate will be 0*331, 0*355, or 0*379 stroke. .When 
aU the thicknesses are thus drawn, draw the two lines 
tangenting the ciroles on each side of the centre line of 
the metal. 

From to 1 make a moulding of 0*1 stroke thick 
over the line, as shown in Fig. 633. Flrolong the 
6} ordinate, and set off 1*79 stroke to 0, which £en is 
the centre for the curve on the top; draw the aro 
through the centre of the small cirole at the eighth oidi- 
nate ; join e, 8, set off horn e, 0*46 stroke to the centre 
for the inside curve at the top. 

Thickness of metal of the top should be 0*3 the 
sound-bow at 8, and 0*333 at r. Draw the ordioate at 
8*74, set off 0*78 to r, loin r and the abscissa 8*48, and 
prolong the line through r ; then finish the drawing, as 
shown in Fig. 632. 

When the board is cut out and ready for turning the 
mould, it must be carefuUv set, so that the' outside 
diameter of the crown will oe half the diameter of the 
mouth of the bell. 

This form of bells gives the greatest possible gravity of tone with the least possible quantity of 
metal. Bells can be made almost in any form without seriously affecting the quality of tone ; but 
the thickness of metal should always be in proportion as the square of the diameter, taken at the 
centre of the metal, as in Fig. 634. 
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Tabmb IV.— Pbofobtionb Ol 


' ▲ PxAL OF EioHT Bells. 




Bdli. 


Key-Note. 


M. 


k. 


abL 


D.ilL 


W.lba. 


CUpper. 


Tenor .. 


D 


71-84 


0070 


395 


565 


3156 


lbs. 
63 


2nd 


E 


80-64 


0-071 


3-62 


511 


2366 


48-6 


3rd .. 


n 


90-51 


072 


8-32 


46-1 


1765- 


37-2 


4th 


G 


9589 


0073 


3-22 


44-2 


1575 


341 


5th 


A 


107-63 


0075 


3-08 


40-5 


1262 


281 


6th 


B 


120-82 


0077 


285 


370 


976 


22-4 


7th 


OH^ 


135-58 


0-079 


2-67 


33-8 


763 


18-2 


Triple .. 


D 


143-68 


0080 


2*58 


32-3 


673 


16^8 



Clapper, — ^The weight of the clapper should be from -^th to -^th the weight of the bell ; the 
smaller bells take the largest clappers. 

The tracing of bells rests upon a fixed basis, called the BeU-acale, or Jcuxffs Staffs the result of 
long experience, and handed down from generation to generation among founders. It depends upon 
oertein proportions which, like the modules in architecture, serve to regulate and to harmonize the 
different parts of the bell. The 6oto, or, in other terms, the thickest part of the bell, constitutes the 
principle of all the measurements. 

The following Table, which we borrow from M. Ouettier's work on Casting, gives the diameter 
of bells, and the thickness of the bow, from the weight of 3 kiloe. td 12,000 kilos. It is nothing 
more than a scale, presented under another form and in metrical measure. 











Table V. 








Weight 


ThlckneM 


LiTce 


Weight 


ThlckneM 


Large 


Weight 


Thickneaa 


Lai^e 


cffBeUi. 


of Bow. 


Diameter. 


ofBeltaL 


of Bow. 


Diameter. 


of Bella. 


of Bow. 


Diameter. 


3 


•008 


•120 


200 


•047 


•705 


3500 


•123 


1^845 


4 


•Oil 


•165 


250 


•050 


•750 


4000 


•128 


1-920 


5 


•013 


•185 


300 


•055 


•825 


4500 


•134 


2-010 


6 


•015 


•225 


350 


•058 


•870 


5000 


•137 


2055 


10 


.019 


•285 


400 


•060 


•900 


5500 


•141 


2^115 


15 


•021 


•315 


450 


•063 


•945 


6000 


•146 


2190 


20 


•022 


•830 


500 


•065 


•975 


6500 


•150 


2-250 


25 


•023 


•345 


600 


•068 


1020 


7000 


•154 


2-310 


30 


•025 


•375 


750 


•074 


1^110 


7500 


•158 


2-370 


35 


•027 


•405 


1000 


•081 


1-215 


8000 


•160 


2-400 


40 


•028 


•420 


1250 


•087 


1305 


8500 


•164 


2-460 


45 


•029 


•435 


1500 


•093 


1-395 


9000 


•168 


2^520 


50 


•030 


•450 


1750 


•098 


1-470 


9500 


•170 


2-550 


75 


•034 


•510 


2000 


•103 


1-545 


10000 


•173 


2-595 


100 


•037 


•555 


2250 


•108 


1-620 


11000 


•181 


2715 


125 


•040 


•600 


2500 


•110 


1650 


12000 


•190 


2-850 


150 


•043 


•645 


2750 


•114 


1-710 






• 


175 


•045 


•675 


3000 


•117 


1755 









ess. 



Several methods are employed for tracing bells. The one mostly used in France gives 15 
thicknesses of the bow to the diameter, 7^ to the diameter of the crown, 12 to the line joining the 
lower ridge of the bell and the base of the crown, and finally 32 to the great radius serving to 
trace the profile of tiie bell proper. Fig. 635, where each line of construction has its dimension 
marked — ^the thidbiees of tiie bow being taken as unity — will be sufficient to show how the process 
is carried out. 

BELL-CBANK. Fb., Lefrier bris^; GxB., WinkelheM; Ital., Zanca; Span., CigQetIa, 

An iron or brass lever in the shape of a ouadrant of a circle, attached to an iron holdfast 
which is driven into a wall, receives the name or bell-crank, because it is used to connect bell-wires 
at the angles or comers of a room. Any rectangular lever, Fig. 636, by which the 
direction of motion is changed through an angle of 90°, is termed a bell-crank. 

BELL-HANGING, Domestio. Fb., Pose dea eonnettes ; Geb., Befeetigen der Qla- 
henxuge in den WohnhSuaem ; Itkl,^ Mettere i campaneUi, 

The art of domestic bell-hanging is quite modem. It is believed not to have 
been in practice much before the present century. Within the writer's recollection 
it was usual, in even the best houses, to expose the wires to view along the walls and 
ceilings, in the angles of which they were fixed, sometimes to the great disfigurement 
of the room. Witmn late years the ^* secret system" of bell-hanging has been introduced, which 
consists in carrying the wire and cranks in tubes and boxes concealed by the finishings of the 
walls. The tubes are usually of tinned iron or zinc ; but they ought to be either of brass or strong 
galvanized iron. Zinc is not to be depended upon. In some places it will moulder away. If not 
soldered, it opens, and the wires work mto the joinings of the tube, which stops their movement. 

The proper time to commence bell-hanging is when the work is ready for lathing ; but it should 
not be delayed after the rough-cast plastering has commenced. If the work be performed at this 
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period, It eoablee the beU-hsn^er to see hii way more dearly, sod prerenta modi cutting ftirsy of 
the plasterers' work aJterwiudB. 

Thebell-boardieuBiiBllfpIaoedlQ snme oonspiouona place, where the bellB can be both seen and 
heard by the attendant. It should be pcunted wmte, and each bell ihould be designated by a letter 
or number painted on the board. 

BELL-METAL. Fa., M^tal dca dochtt; Qes., aUmhai XetdU; Ital., Liga idt4 oampana; 
8FAN., Metal campmH. 

A good BTenige bell-compoBition is 75 copper, 25 tin ; SO of tin to 100 copperla also a good pnv 
portion. Large bells are cost of 80 copper, 6 zinc, 10 tin, 4 lead. A very mie lai^ bell consisted 
of 71 capper, 26 tin, 'i zino, and 1 iron. No definite ratios, hovcTSr, between the metalj of which 
btU-metai is composed have as yet been estabttahed. Boe Alloys. Coppeh. Tnr. 

BELLOWS. Fft., Soafflet; Geb., Bka^xdg; Ital., Mantice; Span., /Wife, 

A beUoiB! is an inatrument, nteneil, or machine tor propelling air through a tube, for Twiona 
pmposes, as blQwing Area, filling tlie pipes of an organ with wind, and so on. The oommon bellows 
IS formed of two botuda, Fig. 637, with a skin of leather / nailed to their edges and hanging loosely 
between them ; thns forming a sort of ehamber, which is capable of being enlarged or oantracted 
at pleasure. To the lower bikrd is fixed a metal nozzle n, oommunicating with the wind-chamber ; 
Euid ttiia board is also famished with a cJoc^tn/nr, c, for the admiaeion of air. 

The blast obtained by moans of the oommon bellows is intermittent ; and if a continued blast 
is required, a bellows wiUi a donble chamber and an additiona! valve is necessBry. The long shape 
fbrge-bellowK, Fig. 638, ia a bellows of this description, having an extra chamber a and an extra 
valve 6. The centre-board d sboold be a fixture ; the nozzle connected with the upper chamber ; the 
upper board loaded or made of heavy itaaterials, and the lower board moved when in use. The two 
vaiTea should open alternately. 




Fig. 639 shows the application of a double^hanbered bellows to a portable forge, a, a are Imb 
supporting the hearth b ; o, the bellows fastened by the oeDtre-baatd to the legs a, and worked ^ 
the Dandle d inserted in a hook at the top of the lever t. By deprewiDg the handle d, the lever 
I lifts the bottom flap of the bellows, which falls by its own weight. The oollapaing of the upper 
flap forces the blast through the pipe / to the fire. 

Donble-blaat beUow* are freqnentiy made of a drcnlar shape. Fig. 640 show* this amnge- 
ment. H is the bame supporting the bellows E, which is worked by the handle U oommmiiGatSig 
with the lever 9. p, p are weights attached to the lower board o, and n the nozile fixed to the 
centre-board. An amngement for obtaining a oontinuana blast of air by the weight and easy 
roorement of a person standing on two bellows, and resting his weight alternately on them, 
invented by Henry Neumner, ts shown in Fig. 641. It consists in oonstmcting two l>ellows BB, 
connected bj a rope 0, and fastened to a oen^board A. These bellowa rising and falling altw- 
nately, bj mMow d nlvw proper]; anaDged keep the winl-ehambeT F filled. 
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BELL-TRAP. Fr., Pommette'de puisard; Qm^ SoH uii SenUoeh; Ital., Chiaioica a tenuta 
tTctria, 

A small stench-trap, from 3 to 6 in. diam., Fig. 642, usually fixed over the waste-pipe of a sink 
or other inlet to a drain. The foul air is prevented from rising by an inyerted cup or bell, the lips 
of whieh dip into a chamber filled with water surrounding the 
top of the pipe. **^' 

The grating to which the bell is attached should ncTcr be 
fastened down, as the opening between the lip and side of the 
pipe frequently becomes chdced, and it is desirable to have 
the means of freeing it. 

The bell should be made to dip deep into the water, to 
proyent the foul air escaping. Imperfectly-constructed bell- 
traps, by permitting a communication from the sewer, and 
so contaminating the air of the dwelling, is the cause of more 
unhealthiness to the occupants than is commonly supposed. See Dbainaoe and Stsnoh-traps. 

BELTS, TRAWBMTBfiToy OF MOTION BT MKANB OF. Fk, Ceinture i Geb., Kranxgewm; Ital., 
Faacia ; SPAN., Cintura, Correa. 

There are two theories upon which the transmission of motion, by means of endless belts or 
cords, are founded. The first, that of M. Prony, relatiye to the sliding of a cord or belt upon the 
surface of a drum ; the second!, that of Poncelet, refers to the variation of tension in the two parts 
of the belt or cord employed in these transmissions. 

Morin proved, by special experiments, the consequences of these two theories ; we give a 
succinct account of the results of these researohes. 

In explaining the first of these theories, with respect to the slipping of belts upon cylinders, 
let uq consider a belt or cord enveloping a portion of the surface of a cylinder, and acted upon at 
one end by a power P, and upon the other by a resistance Q, 
Fig. 643. It is clear that, to produce slipping of the belt, the 
power P should be equal to the resistance Q, increased by the 
resistance opposed by the friction of the cord upon the surface of 
the cylinder. Let us seek to determine this friction. 

For this purpose, we consider the two consecutive elements a b 
and 6 c of the belt, and call T the tension of the cord in the 
element ab; T* the tension of the cord in the element 6c. It is 
evident that the tension T' exceeds the tension T by an infinitely 
smtdl quantity t<, which is precisely the measure of the resistance 
opposed by the friction ; we have then T' = T + ^ ; ft&d passing 
from one element to the oUier, from the point n of contact of the 
direction n P, where T = P, to the point m of contact of the direc- 
tion m Q, where T s Q, the sum of all the increments of tension 
furaduoed by the friction at the moment of slipping, will give the total tension. 

The friction or elementary increase of teoision ty from the element a 6 to the element 6o, is 
produced by the pressure resulting from the component of tension T", normal to the surface, which 
is T sin. a, calling a the infinitely small angle at the intersection of the two elements a b and 6 c, 
or simply To, since T diiferB by an infinitely small quantity from T', and the sine a from a ; we 

g 
have then t =f.Ta — Tf ^ , / being the ratio of the friction to the pressure. 

The sum of all these increments of tension, taken from the point m, where T = Q, to the 
point n, where T = P, leads, according to analysis which we will presently discuss, to the formula 

log. P = log. Q + 0-434/ g , or P = Q X 2-718^h = Q*'^^, 

S being the total length embraced by the cord, and B the radius of the cirole. 

We see by this expression that the tension of the motive power increases from P = Q, answering 

a 

to S s 0, proportionally to the opening of the angle ^ , embraced by the belt, and not to the 

absolute extent of the aro; which shows, from theoretic considerations, that for an increase of 
the friction of slipping of cords or belts, it is not essential to enlarge the diameter of the cylinder, 
but that the proportional part of the ciroumference to be enclosed should be increased. 

The preceding formula relates to the case where the power P is to overcome the resistance Q, 
and consequently, besides this, to surmount the friction of the cord or belt upon the drum. When, 
however, as is frequently the case, the force P is to yield to the force or weight Q, for moderating 
its action, or resisting it altogether, as, for example, in the lowering of goods, the friction acts in 
favour of the force P, and we have 

log. P = log. Q- 0-434/. |, or P=— ^. 

2-718^« 
Such aro the relations which theory indicates between the forces P and Q, the aro of contact, the 
radius of the drum, and the coefficient of friction. It remains to determine by experiment the 
correctness of these relations. 

Experiments upon the Slipping of Cords and of Belts upon the Surface of Wooden Drums, and of 
Cast-^ron Pulleys. — For this purpose Morin niade use of three wooden drums, with diameters 
of 2-741 ft., 1-338 ft., and 0-328 ft., placing them horizontally in a fixed position, so that they 
could not turn, and over them was passed a belt of black curried leather, nearly new, but having 
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acquired a oertain pliability from pTerioiu use. Its breadth was * 164 ft., and thickneas * 178 ft. ; 
its rigidity seemed so feeble that Morin found himself justified in neglecting it in its ratio to the 
friction of slipping upon the surface of the drum. 

The two stripe of the belt hung vertically in equal portions on each side of the drum, and to 
each of them was attached a scale to receiye the weights. The belt weighed 5*06 lbs., each scale 
0*5 lb. ; consequently, the weight of each strip, of equal length, was, with its plate, 8*081be. 
The arc embraced was equal to the semi-circumference. At £st, equal weights were put in the 
scales, then gradually was added to one of them the weights necessary to make the belt slide upon 
the drum. 

We see from this, that the tension Q of the ascending strip was equal to 8 '03 lbs. plus the 
weight contained in the corresponding s^e, and that the tension P of the descending strip was 
equal to Q increased by the weight added, over and above the primitive load. 

This established, the preceding formula becomes 



whence we deduce 



log. P = log. Q + 0*484/ . I , = log. Q + 0-484/ x 8*1416; 

log. P - log. Q ^ log.P-log.Q 
■^"0-484x3*1416 1-868 



By introducing in this formula the values of P and Q furnished by experiments, we are enabled 
to calculate the Afferent values of the ratio/ of the friction to the pressure, and to be assured that 
theyconfirm the theoretic consequences which we have unfolded. 

The two following Tables contain the results of the experiments : — 



EXFBBIIIENTB UFOK TBB FeIOTIOK Of BeLTS UPON WoOD DbUMB. 



Width or 


OoDditkm of the 
Belt 


Diameter 
of Drum* 


Length of 

Aro 
onbraoed. 


Txmav or thx Past. 


BatJoof 
FVictkmto 
Pkceeore,/. 


Belt 


RldnftQ. 


IUUng,P. 


ft. 




ft. 


ft. 


IbiL 
( 14-060 
14*060 


66-992 
64*786 


0*497 
0*486 




Dry 

somewhat > 






14-060 


64*786 


0*492 


0*164 


2*741 


4*806 


86*114 


167-841 


0*488 




oily 






86-114 


153-386 


0*460 








86 114 


151*461 


0-458 










25*087 


111 102 


0*473 










V 25-087 


95-608 
Mean 


0-426 




0*472 










/ 14*060 


68-683 


0*472 




1 ^ul 

somewhat > 






14-060 


69-197 


0*458 


0164 


1*888 


2*099 


( 14060 


63-242 


0-507 




oily J 






1 86-114 
[ 86*114 


140*875 
140-875 

Mean 


0-479 
0*438 




' 0*462 










/ 14060 


78*608 


0*826 










14-060 


75-813 


0*541 




i>iy, 1 






25*087 


91*252 


0-411 


0*164 


somewhat 


0*828 


0*514 


25-087 


98*975 


0*438 




oily 






25087 
86-114 


94*560 
161*827 


0*422 
0*477 










, 86*114 


168-576 
Mean 


0*490 




0*472 










( 11*911 


71-458 


0*570 




Very dry 

and 

xongh. 






11*911 


72*560 


0-575 


0*091 


2*741 


4*806 


22-938 
* 22-988 


114*465 
104-541 


0*512 
0-483 








88-965 


137*622 


0-446 ' 










. 88*965 


136-519 
Mean 


0-448 




504 




General Mean 


.. 0*477 
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BxpsBDinrrB upon thb FucnoN or Bsi/is or Gubbud Lbathib upon QAsnsaoiK Fxtllktb. 



BrMMtth 
of 

Belt 



Bute of the 
Bell 



a 



0164 



0*161 



0*164 



0164 



Dry 

a little 
unotuouB 



Dry, 

aUttle 
unotuoiu 



Dry. 



Uttie I 



Moistened) 
with [ 
water J 



Diameter 
of the 
Pulley. 



2000 



2000 



0*861 



2*000 



Arc 
embraced 

a 



ft 



3*143 



3143 



0*566 



3*143 



Txxaiov or Stbxp. 



Aaoendiag 
Q 



Ibe 
14-060 
14*060 
14*060 
25*087 
114 
114 



86 
86 



I 



14*060 
25087 
25*087 
36*114 
86 114 
58*170 



14*060 
14*060 
25087 
25*087 
86*114 
86-114 




Deeoeading 
P. 



Ibe. 
29*719 
86-996 
34-791 
64-566 
89047 
82-486 

Mean.. 

85*286 
61*478 
57*067 
80-224 
80-224 
160*724 

Mean.. 

81*704 
40*525 
59-273 
68095 
81-828 
81-828 

Mean.. 

68-095 

43*884 

48-834 

114-410 

127-648 

199-821 

Mean.. 



Ratio of 
Friction to 
PreMore/. 



0-388 
0-808 
0-288 
0-801 
0-282 
0-262 



0-279 

0-300 
0-285 
0-271 
0-254 
0-254 
0*828 



0*281 







0' 







259 
836 
278 
318 
259 



0-259 



0*284 












317 
361 
361 
366 
401 
458 



0*877 



This belt was old, hav- 
ing been nsed a long time 
in a spinning-mill. The 
pulley wa4 not turned. 



This belt was new. The 
pulley was not turned. 



The pulley was turned ; 
its width was only * 098 ft., 
and so reduced the slipping 
part of the belt to *098 ft. 



We see by the results of these experiments, in which the arc of contact varied in the ratio of 
8*8 to 1 nearly, and where the tension has reached very nearly the limits assigned to the belts 
of machinery, that the value of the ratio /, of friction to the pressure, remained very nearly 
constant. 

The three first series of the first Table fully confirm the theoretic considerations. The fourth 
series relates to a belt quite new, and very stifi*, and to this we attribute the small increase 
presented by it in the mean value. This belt having, moreover, only a width of '091 ft., or about 
the half of the preceding, we see that this last series confirms, as to belts, the law of the inde- 
pendence of surface. 

In the experiments of the second Table, the extent of arc embraced varied in the ratio of 6 to 1, 
the breadth of the belt pressed against the pulley in that of 2 to 1, the tension from 1 to 8 and 
from 1 to 6, and still the ^ue of the ratio /, of friction to the pressure, remained sensibly constant, 
and equal in the mean, for the dry belt and dry pulleys, / = 0*282. When the pulley was 
molBtened with water we had / = 0*377. 

Concluaions, — In considering the results of these two series of experiments upon the friction of 
belts upon wooden drums and cast-iron pulleys, we see that we are justified in admitting that the 
ratio 01 the resistance to the pressure is : — 

1st. Independent of the width of the belt and of the developed length of the arc embraced, or 
of the diameters of the drums, or, what amounts to the same, are independent of the surface of 
contact. 

2nd. Proportional to the angle subtended by the belt at the surface of the drum. 

8rd. Proportional to the logarithm of the ratio of the tension of the strips, and expressed by 
the formula 



log, 



/ = 



© 



1-863 



Experiments upon the Variaticn of the Tension of Endless Cords or Belts used in Transmitting Motion, 
— ^We pass now to an experimental proof of the theory given by M. Poncelet, upon the transmission 
of motion by endless cords or belts, and will fijrst give a description of its nature. 
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When a oord or belt BTUToands two polleya or drums, between which it is designed to maintain 
a conjoint motion, care is taken to giye it a sufficient tension, which is usually determined by 
trial, but which it would be best to calculate, as we shall see hereafter. The primitive tension is, 
at the commencement, the same for both parts of the belt ; and this equality, established in repose, 
is only destroyed by the friction of the axles, which may act in either direction, according to that 
of the motion of the pulleys. 

Let us examine now this motion is transmitted in such a system. Let G be the motive drum ; 
G' the driven drum ; Tj the primitive tension common to the parts A A' and B B' of the belt, from 
the moment when the drum begins to turn until it conmiences to turn the ^^ 

drum C. 

The point A of primitive contact of the part A A' advances, in separating 
from the point A', in the direction of the arrow ; the strip A A' is stretched, and 
its tension inoreaised by a quantity proportional to this elongation, according to 
a general law proved by experiment upon traction. — (See Lessons upon ' Besist- 
anoe des Mat^riaux.') At the same time, the point B of contact of the part B B' 
approaches by the same (quantity towards the point B', so that the portion B B' 
is diminished by a quantity equal to the increase of that of A A'. If, then, we 
call T the tension of the driving portion A A', at the instant of its being put 
in motion, T' the tension of the driven part B B', t the ouantitv by which the 
primitive tension Tjis increased in the portion A A', and oiminished in the part 
BB',we shall haveT = T, + *,andT'= T, - «, and consequently T + T'= 2T,. 
Then, at any instant, the sum of the two tensions T and T' is constant and 
double the primitive tension. 

Now it IS evident that in respect to the driven drum G' the motive power is 
the tension T, and that the tension T' acts as a resistance with the same lever 
arm, so that the motion is onlv produced and maintained by the excess T — T' 
of the first over the second of these tensions. 

If the machine is, for example, designed to raise a weight Q acting at the 
circumference of an axle with a radius B', it is easy to see, according to the theory of moments, 
that at any instant of a uniform motion of the machine, we must have the relation 

(T-T')B = QR'+/Nr, 

N being the pressure upon the journals, and r their radius. 

The pressure is easily determined ; for calling a the angle formed by the directions A A' and 
B B' of the belts with the line of the centres C C', M the weig ht of the drum, we see immedi- 
ately that N = VTM + Q + (T - T') sin. ay + (T + T') cos.' a, an expression which, acoording 
to the algebraic theorem of M. Poncelet, has for its value a fraction equal to ^ nearly, when the 
first term under the radical is greater than the second, N = 0'96 [M + Q + (T — T') sin. a] + 0*4 
(T + T') COS. a. This value of N being introduced into the formula for equality of moments, we 
have a relation containing only the values of the resistance Q and of the tensions. But as it 
may be somewhat complicated for application, observing that in most cases the influence of the 
tensions T and T' upon the Motions will be so small tlutt it may be neglected, at least in a first 
approximation, we proceed as follows : 

First, neglecting the influence of the tensions upon the friction, we have simply, in the actual 
case, N = M + Q, and consequently (T - T') B = QB' + /(M + Q) r, whence we deduce 

R 

which furnishes a first value for the difliarence of tensions, which is the motive power of the 
apparatus. 

But this is not sufficient to make known these tensions, and it is necessary to determine the 
primitive tension T', so that in no case the belt may slip. 

According to the theory of M. Prony, we have, at the instant of slipping, between the tension, 

T and T' the relation T = T' x 2-718 +/ ^ T' = KT', the number K being a quantity depend- 

g 

ing upon the nature and condition of the surfaces of contact, as well as upon the angle -^ 

it 

embraced by the belts upon the drum C\ These quantities are known, and we may in each case 

calculate the value of K by this formula, or take it from the following Table, which answers to 

nearly all the cases in practice. 

By means of this Table, we shall have then the value of T = K T', and consequently T — T' 
= (K — 1) T' = Q, Q representing the greatest value which the difference of tensions should 
attain to overcome the useful and passive resistances. 

From this relation we may derive the smallest tension to be allowed to the driven portion of 

Q 
the bolt to prevent its slipping : we thus have T' = == — - • 

We should increase this value by -^ at least, to free it from all hazard of accidental circum- 
stances, and to restore the account of the infiuence of the tensions upon the friction, which was 

Q 
neglected. This established, we have T = Q -f -^ — r*, and consequently 

T+^'_lK-fl 
^' ~ ~2~' ~ 2 K^l ^ 
All the circumstances of the transmission of motion will then be determined. 
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If theae fint values of T, T', and T, are not considered as snfQoiently oorreot, we may obtain 
a nearer approximation by introducing them in the value of the pressure N, and thus deduce a 
more exact value of Q, which will serve to calculate anew T', then T and T |. 
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Vald* or THX Ratio K. 
















of tbe Arc 










Conls npon Wooden Drams or 




emtM-Aoed to 


KewBelto 


Belts in Qfloal Condition. 


Moistened 


Axles. 




tbe Circnm- 
fereooe; 


upon 
Wooden 
Drums. 






Belts upon 

CssMron 

Pulleys. 






Upon Wooden 
Drum!!. 


Upon Out- 
Iron Pulleys. 


Rough. 


Smooth. 




0-20 


1-87 


1-80 


1-42 


1-61 


1-87 


1-51 


L 


0-30 


2-57 


2-43 


1-69 


2-05 


2-57 


1-86 




0-40 


3-51 


•3-26 


202 


2-60 


3-51 


2-29 




0-50 


4-81 


4-38 


2-41 


3-30 


4-81 


2-82 




0-60 


6-59 


5-88 


2-87 


419 


6-58 


3-47 




0-70 


900 


7-90 


3-43 


5-32 


9-01 


4-27 




Of-O 


12-34 


10-62 


4-09 


6-75 


12-34 


5-25 




0-90 


16-90 


14-27 


4-87 


8-57 


16-90 


6-46 




100 


23- 14 


19-16 


5-81 


10-89 


23-90 


7-95 




1-50 


• • 


■ • 


•• 


• • 


111-31 


22-42 




2 00 


• • 


• • 


• • 


•• 


635-47 


63-23 




2-50 


• • 


• • 


• • 


• ■ 


2574-80 


178-52 




Experiments upon the Variations of Tensions of Endless Belts emploj/ed for the Transmission of Motion, 
— ^To verify by experiment the exactness of these considerations, Morin placed vertically above the 
axis of a hydntulio whe^, and of a pulley mounted upon its axle, a cylindrical oak 
drum, 2-74 ft. in diameter, and whose axis was 9-84 ft. from that of the wheel. 
Around this drum A' B', and the puUev A B, was passed a belt which, instead of 
being in one piece, was in two parts, joined at each end by a dynamometer, with a 
plate and style, of a force of 441 lbs. Moreover, these dynamometers were easily 
secured in positions such that that of the descending portion of the belt was near 
the upper drum, and that of the ascending near the lower drum. Thus the belt 
could be moved over a space of 6*56 ft. without the risk of the instruments being 
involved with the drums. 

A thread womid several times around the circumference of one of the grooves 
of the plate of each of the dynamometers, and attached by the other end to a fixed 
point, caused the plate to turn when the apparatus was in motion, and the paper 
with which the plate was covered received thus the trace of the style of the 
dynamometer. 

The belt being passed over the two drums, the tensions of the parts were 
varied at will in either direction, by suspending at the circumference of the upper 
drum a plate Q charged with weights. As to the primitive tension, it was 
increased by bringing nearer together the ends of the belt, or in diminishing its length before the 
experiment. 

The apparatus being thus prepared for observations, before loading the plate Q, we traced the 
circles of flexure of each of the dynamometers, so as to have the tensions of the belt at rest, and ta 
obtain by their sum the double of the primitive tension Tj. We may conceive that these two ten- 
sions can never be quite equal ; but that is not important, inasmuch as we have to deaJ only with 
their sum. 

This obtained, we load the plate with a weight which, being suspended upon the circumference 
by a cord of a diameter equal to the thickness of the belt, has the same lever arm as the tensions. 
That part of the belt opposed to this weight is stretched, and the part on the same side is slack- 
ened, and we trace the new curves of the flexure of the dynamometers. 

For the same primitive tension we may make a series of experiments up to the motive weight, 
under the action of which the belt slides upon either drum. 

In these experiments facilities were afforded for allowing the two drums to turn a certain 
amount under the action of the tensions, so that we could realize the three cases in practice, to 
wit, that of the variation of tensions before motion was produced, that of the variation during 
motion, and flnally, that of the slipping. 

The belt used in these experiments was very pliable, soft, and little liable to be polished in slipping. 
In calculating the ratio of the friction to the pressure for this belt, by means of experiments 3, 13, 
and 19, we find respectively / = 0-578, / = 0-596, and/ = 0-544, the mean being/ = 0*573. 

JRemarks upon the Results contained in the following Table, — We see that the first line of each 
series corresponds to the case where there was no additional weight, and where each portion of the 
belt took the primitive pressure corresponding to the distance apart of the axes. As the weight 
suspended from the drum was increased, the tension of one of the strips was increased, and that of 
the other was diminished; but so that their sum remained constant, as is shown by the fifth column 
of the Table. 

These results, which completely confirm the theory of M. Poncelet, being relative to tensions 
whose sum reaches 198 lbs. and more, where the greatest rise as high as 169 lbs., and the smallest 
fall as low as 11 lbs., comprise nearly all the cases in practice, and show that this theory may with 
safety be applied to the calculation of transmission of motion by belts. 
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EzFBRnmm upon this Vartatton ot the TxNnoifs ov Endless Belts ekplotbd nr 

TBANSMITTmO MOTION BT PULLETB OB DbUMS. 


Knmber 


Weight 

iospended 

at the 

Gircamfernio& 


Tivsiov or THB Pakt. 


Sum of the 
Tenaioni^ 

T + T' = Tj. 




of 
Experi- 
ment. 


RifllDgor 
itretGhed.T. 


Deaoeoding or 
■lackeoed, T'. 


Bemarki. 


1 
2 
3 

4 
5 
6 

7 
8 

9 
10 
11 

12 
13 

14 
15 
16 

17 
18 
19 

20 
21 


Iba. 

000 
44-61 
59-55 

0-00 
22-56 
44-61 
66-67 , 
97-54 

0-00 

55-64 

110-78 

0-00 
115-19 

0-00 

55-64 

110-78 

0-00 
110-78 
174-23 

0-00 
88-72 

• 


Iba. 
88-57 
60-07 
63-14 

64-86 
75-09 
84-51 
97-96 
109-92 

78-73 

9900 

117-77 

66-91 
103-78 

107-53 
130-05 
15702 

97-24 
154-29 
170-67 

86-72 
134-84 


Iba. 
32-84 
12-84 
10-19 

57-41 
46-82 
86-26 
24-17 
20-76 

62-32 
41*53 
20-38 

57-94 
15-86 

98-91 
70-26 
47-57 

88-75 
4(l-78 
43-42 

71-34 
44-17 


Iba. 
71-41 
72-91 
73-33 

122-27 
121-90 
120-77 1 
122-13 
130-67 

• 

136-05 
140-53 
138-15 

124-85 
119-64 

206-44 
200-31 
204-59 

185-99 
195 07 
214-09 

158-06 
179-01* 


The belt slipped. 

The dynamometezs inoTed 
about 3-28 ft 

Ditto ditto. 
The belt slipped. 

■ 

Ditto ditto. 



* Beaidei the loed Q, then waa aaapeoded to the main droumferenoe of the floats of the wheel, «t 6*06 ft from the 

Azia. A weight of 23*66 Iba., which broke the eqniUbrinin. 

In oonclusion, we would add that belts designed for oontinnons service may be made to bear a 
tension of 0*551 lb. per -0000107 sq. ft., or * 00155 sq. in. of section, which enables ns to deter- 
mine their breadth according to the tiiiiclmess. 

We give, from the * Jounial of the Franklin Institute' (1868), an account of the experiments 
and comparisons of Bobert Briggs and H. B. Towne, relative to the transmission of force by belts 
and pulleys. The results so independently obtained by these investigators will, we have no doubt, 
be useful to those engaged in the construction and working of machinery. 

B. Briggs observes : — ^* There are few mechanical engineers who have not been frequently in 
want of tabular information or readily applicable formulas, upon which they could place reliance, 
giving the power which, under given conditions and velocity, is transmitted by belts without 
unusual stram or wear. The formula of the belt or brake is well known and simple ; and it is only 
necessary to acknowledge and adopt a value for the coefficient of friction (or of adhesion, which is 
perhaps the better term), to allow this formula to be applied in daily use. And this coefficient of 
friction has been carefully established by the experiments of General Morin and M. Prony, and has 
been made available to English and American engineers, by the translation of Bennett. It must 
be remarked that there are some mistakes in the text of Bennett's translation, which will lead to 
serious errors, unless read by a careful investigator. 

** With every point needed, therefore, at the oonmiand of the engineer, it is somewhat surprising 
that a more extensive publication and general use of the data has not followed. 

*^But notwithstandmg the existence of this correct mathematical and experimental information, 
the numerous tables which have been given by mechanical engineers appear to have had only that 
kind of practical basis which has come from guessing that an engine or a machine, either the 
driving or the driven, with a belt of given width, was producing or requiring some quantity of 
power, which might be expressed in terms generally without any stated arc of contact." 

The terms referred to are vulgarly call^ foot-pounds, but i^ould be nominated uniU of wtrk. 
See Prinoiplb of Work. 

*' Three rules given by practical mechanics vary so much, as to give as bases for estimate 
(without regard to arc of oontact) 0-76 horse-power, 0-93 horse-power, and 1-75 horse-power, 
respectively, for the power of a belt 1 in. wide running 1000 ft. per minute. 

^ It was the requirement to know the exact useful effect of a novel disposition involving an 
nnusual small arc of contact of the belt upon the pulley, where much embanassment would result 
if the application proved itself unsatisfactoir, that led to the present inquiry. As the writer was 
not able to give the time demanded for making such experiments as would establish the practical 
coefficient ot adhesion, he, Briggs, suggested what was desired to H. R. Towne; and the numerous 
experimentB, of which he gives the aocomnanyu^ report, are the result of the labour and care of 
XC. B. Tofvue. *^ 
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^ It WBM not until after the experimentB were oampleted," says H. B. Towne, ''that either he 
ot B. Briggs knew of the publication of M. Prony or General Morin, although Bennett's tranfllation 
rested upon the ahelvea of the writer's libra^ ; but, aside fhun the gratification which we feel at 
the corroboration, we think the reader of this article will be pleasMi to know that our data is 
founded upon the ordinary pulleys and belts of the workshop, and our experiments were not im- 



by any niceties which common workmen would not apply. 
^ Even the cmdeness of our experimented apparatus, and the general not over-exact method 
adopted, will serve to demonstrate to the minds of practical men the possibility of relying upon 
figures which have been established so nearly in accordance with the customs of the workshop." 

We have before shown that rsr^^ 't<^'i^ = < '9 where € is the base of hyperbolic 

logarithms ; Tj = the tension of the belt on the tight side ; T, = the tension of the belt on the 
loose side ; / = the coefficient of friction ; r = radius of pulley ; and / = the length of the arc of 
contact. We can further transform this equation, by substituting the ratio of the angle in degrees 
for the length of contact on the arc, compued to the radius, t = 2*718281828. 

2rw /2rw\ T /*^* 

Thus -5^ ss arc of 1°, let / = a ( -^^ ) /. =r- = • "" , and taking the numerical values of 

€, », and dividing out tiie 860, .-. ^ = 2-718^'^^'^*^-^" 

.-. log. (^\ = 0-4343 (0-017456/a), [1] 

.-. log. T, - log. T, = 000758/a 

. T.^^^0.0(y758/c^ p3 



'^•(If) 



•'•-^"^ 000738a • ^^ 

As we assumed, P = T| — T,. .-. T, = T| — P, which inserting in equation [2] 

. T, 000768/« 



P( 10 



.•.P = T,(lllO-^-^^/-) 



M 



The third equation is the one to which we would now call attention. By it, for any given values 

T 

for the ratio =^, we can determine the coefficient of friction, when, by experiment, we have fixed 

the greatest dmerenoe of the two strains without slipping on a pulley with a given are (measured 
by a) of contact. 

We would here, says the experimenter, make a very important observation, which forms the key 
of the whole system of transmission of force by belts. In practice, all belts are worked at the maximum 
coefficient of friction, A belt may, when new or newly tightened, work under heavy strain, and 
with a small coefficient of friction cidled into action ; but in process of time it becomes loose, and 
it is never tightened again until the effort to perform its task is greater than the value of the coeffi- 
cient with a given tension of belt and the belt-dips. We, says Briggs, run our belts as slack as 
possible, so long as they continue to drive. 

It has been shown that the value of Tj -f- T„ or the sum of the strains upon the two sides of a 
belt (loose and tight), is a constant quantity— that is, when a belt is performing work it will 
become loose on the one side to the exact amount that it is strained on the other, and when at rest, 
not transmitting force, the tensions will become equal, and their sum be the same as before. It is 
manifest that the limit of the strength of a belt is found in the maximum tension T, , and that this 
strength being known, the effective pull (P) is further limited with any given arc of contact by 
the value /, of the coefficient of friction. 

The discussion has so fiir been limited to the pull exerted by a belt ; when we would include 
the powjBr which belts will transmit, we have only to multiply the pull by some given or assumed 
velocity, to transform our equations into work performed. 

By means of the third equation, we will now deduce a value for the co-efficient of friction as 
given by the experiments. 

log. J 
All the experiments were with the arc of contact = 180° = a, which, substituting / = ^.o^aI » 

and the result of 168^ separate experiments has given, under tensions of T, from 7 to 110 lbs. to an 

inch of widtii of belt, i! = 6-294. .-. / = ?^'^'^ = 05833. Bennett's Morin, page 306, 

' T, •' 1*3644 

€253, gives/ =0*573. 

X 
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In this case Tj has in all cases been so much in excess of T,, as to slip the belt at a defined, 

slow, but not accelerating, motion. 

From an examination of the report of the experiments, we think the reader will coincide with 

T 
onr conclusion that -^ of this yalue of ■=^ can be taken as a suitable basis for the working friction 

or adhesion which will cover the contingencies of condition of the atmosphere as regards tempera- 

ture and moisture; or tj^- = 3 '7764 (maximum practical value) .•. / = — ^' - — = 0*42292. 

It should be noted that the experiments were made without any appreciable velocity of belt, 
and throughout this paper no regard has been paid to the effect of velocity or of the dimensions 
of the pulleys upon the value of the coefficient of friction. 

For pulleys less than 12 in. diameter (with the belts of the ordinary thickness of about ^ths in.), 
and for velocities exceeding about 1000 ft. a minute, allowance must be made for the rigiditv of 
the belt in the one case, and for the interposition of air between the pulley and the belt in the other. 
At high speeds, say 3000 ft. velocity of belt a minute, the want of contact can be seen, some- 
times, to the extent of one-third the arc encompassed by the belt. Briggs has proposed to place a 
deflector or stripper near the belt, to take off the stratum of air moving with it, but has never tried 
the experiment, although he has little doubt of its giving some advantage. 

The experiments further show that 200 lbs. to an inch of width of belt is the maximum strength 
of the weakest part — that is, of the lace-holes. Taking this, with a factor of safetv at one-thud^ 
we have the working strength of the belt, or the practical value for T| = 66| lbs. Bennett's 
Morin, page 306, If 253, gives 55' 1 lbs. the inch of width as admissible. In the case when belts are 
spliced instead of laced, a great increase of strength has been shown, the experiments giving 
380 lbs. to an inch of width, or 125 lbs. safe working strength. 

If we insert these values of/ and T^ in [4], 

.-. P = 66|(l-10-"«^8'*°*2292.) 

.-. P = 66}(l-10-»°«3206.) fjq 

This equation [5] is the really important one in practice, and by means of logarithms can be 

solved for any values of oP readily ; but' as some of those who may wish to use it may not be at 

once prepared to use the logarithmic notation, from want of use or practice, we give an example. 

Suppose we take an angle of 90°, the negative exponent then becomes — • 003206 x 90 = — * 28854 ; 

— 1*71146 
subtracting this from 1, we have — 1*71146. This term thus becomes rlO . Xow this 

expression is only the notation for anti-logarithm — 1*71146, or in words the number for which 

— 1 '71146 is the logarithm. Logarithmic tables give this number = 0*51505, and the equation 

P = 66| (l-lO" <^*^3206 X 90^ = ggj (j_j^j-l -71146^ ^ ^ (1 --0*51505) = 66| x 0*48495. 

.*.? = 32-33. 

The largest possible angle for an open belt, without a carrier or tightener, is 180^, as upon 
either the driving or the driven pulley this cannot be exceeded ; but for croesied, or carried, or 
tightened belts, the angle may be as large as 270°. 

BriggB and Towne give the following Table of results for different arcs of contact (oorresiwnd- 
ing to a°) within the usual limits of practice. 

Table I, — Stbain tbaksmittbd by Belts of Oira Inch Width upon Pulleys when the 

Abcs of Contact vaby as the Angles of 

90° 100° 110° 120° 135° 150° 180° 210° 240° 270° 

lbs. Ite. lbs. lbs. lbs. Iba. lbs. Ibt. lbs. lbs. 

32*33 34*80 87*07 3918 4206 44*64 49*01 52*52 55*33 67*58 

If we suppose the pulley to be 1 ft. in diameter, and to run some number, N, of revolutions a 
minute, we have the power transmitted = N t P. 

And we give the following Table for different arcs of contact (corresponding to a°) within the 
usual limits of practice. 

Table II. — Power transmitted by Belts on Pulleys One Foot in Diameter One Revolution 
A Minute. Arcs of Contact of Belts upon Pulleys corresponding to the Angles : 
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Width 


90° 


100° 


110° 


120° 


135° 


150° 


180° 


210° 


240° 


270° 


of Belt. 
























foofr-lbe. 


foot-lbe. 


foot'lbs. 


fOOt-lbSL 


foot-lbs. 


fooMbs. 


foot-lbe. 


foot-lbs. 


foot-liis. 


foot-lbs. 


1 


102 


109 


116 


123 


132 


140 


154 


165 


174 


181 


2 


203 


219 


233 


246 


264 


280 


808 


830 


348 


861 


8 


305 


328 


349 


369 


396 


420 


462 


495 


521 


542 


4 


406 


437 


466 


492 


528 


560 


616 


660 


695 


728 


5 


508 


547 


582 


615 


660 


701 


770 


825 


869 


904 


6 


609 


656 


699 


738 


792 


841 


924 


990 


1043 


1084 


7 


711 


766 


815 


861 


924 


982 


1078 


1155 


1217 


1265 


8 


813 


875 


932 


985 


1056 


1122 


1232 


1320 


1391 


1446 


9 


914 


984 


1048 


1108 


1188 


1262 


1386 


1485 


1564 


1626 


10 


1016 


1094 


1165 


1231 


1321 


1402 


1540 


1650 

* • 


1738 


1807 
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The application of Table 11. to any given cases of known angle of the arc of contact, width of 
belt in inches, diameter of pulley in feet, and number of revolutions, is simply to take the figures 
from the Table for the first two, and multiply by the two succeeding conditions, to obtain the foot- 
pounds of power transmitted. 

These experimenters take the following examples : — Ist. Schenck (of New York) found an 
18-in. wide belt running 2000 ft. a minute, the pulleys being 16 ft. to 6 ft., would give 40 horse- 
power, with ample margin (one-fourth). 

If we take the distance from centre of the 16-ft. pulley to that of the 6 ft. to be 25 ft. (about 
the usual way of placing the fly-wheel pulley of an engine in regard to the main line of shafting), 
we have the aro of contact subtending about 153^^. From Table I. the strain transmissible is 
45-1 lbs. X 18 X 2000 = 1,623,600 foot-pounds or units of work - 49*2 hp. 

2nd. William B. Le Van (of Philadelphia) found by indicator that an 18-in. wide belt running 
1800 revolutions a minute, the pulleys being 16 ft. and 5 ft., respectively, transmitted 43 hp., with 
maxlmuni power transmissible unknown. If we take the centre's distance, as before, at 25 ft., we 
have the aro of contact subtending about 150°. 

From Table I. we derive 44*64 lbs. as the strain transmissible X 18 x 1800 = 1,446,336 foot- 
pounds = 43 '83 HP. The same authority found by indicator that a 7-in. wide belt over two 
2-ft. 6-in. pulleys, 11 ft« centre to centre (horizontal), moving 942 ft. a minute, gave 8 bp. 
From Table I., for 180° angle, we take 49 01 x 7 x 942 = 323,172 foot-pounds = 9*79 hp. This 
belt was stated to be very tight. 

3rd. A. Alexander (' Engineer,' March 30, 1860) gives a rule that a 1-in. belt will, at 1000 ft. 
Telocity, transmit If hp. 

If we take the contact at 180° from Table I., 49*01 x 1000 = 49,000 foot-pounds, we have only 

1} HP. 

4th. William Barbour (same journal, March 23, 1860) gives as the power a 1-in. belt will 
transmit with 1000 ft. velocity = 0*927 hp., when we derive with 180^ angle from our Tables = 

1 J HP. 

5th. A. B. Ex (same journal, April 6, 1860) gives a rule 

diameter in inches x revolutions a minute x breadth in inches ^ 

5000 ' = N HP, 

ratio of pulleys not to exceed 5 to 1» Changing this rule to 

diameter in feet x revolutions a minute x width in inches 
5000 Vi2^+33,000 = •" foot-pounds. 

. Diameter in feet x revolutions a minute x width in inches xr r^* ^ a^ 

.- ^^,^2^- N foot-poundB, 

.*. 79' 2 X diameter in feet x revolutions a minute x width in inches = K foot-pounds. 

From Table II. the angle of 120° gives 123 in place of 79*2, and it would appear this authority 
adopts about f the effect we take. 

6th. W. Fairbaim gives (* Mills and Mill Work,* Part II., page 4) a table of approximate 
width of leather straps in inches necessary to transmit any number of horse-power ; the velocity of 
the belt being taken at 25 to 30 ft. a second (1500 to 1800 a minute), 1-foot pulley, 3*6 in. wide, 
^ves 1 HP. 

Assume 1650 ft. a minute, contact 180° we have firom Table I., 1650 x 49*01 x 3*6 x 1 
= 29,112 foot-pounds = 0*87 HP. 

7ih, Rankine gives (^Bules and Tables,' page 241) 0*15 as the coefficient of friction, pro- 
bably applicable to the. adhesion of belts on pulleys to be used with his formnlas in estimating the 
power transmitted. Neither experiments nor practice give so small a coefficient as this. 

We, says Briggs, could multiply authorities on these points, but think the corroboration of 
those we quote with our Tables sufficient to establish our experimental and estimated coefficient of 
friction, / = 0*423, as a proper practical basis. 

These experimenters give the two following cases, not only to show the application of the 
formula 5, but as matters of some interest. 

In the construction of one of the forms of centrifugal machines for removing water from satu- 
rated substances, the main or basket spindle is driven by cone-formed pulleys, one of which, being 
covered with leather, impels the other by simple contact. 

In the particular instance taken, the iron pulley on the spindle was 6 in. largest diameter, and 
the leather-covered driving-pulley was 12 in. largest diameter ; the length of cones on the face was 
4 in., this last dimension corresponding to width of belt in other cases. By covering the leathered 
pulley with red-lead, we were able to procure an impression on the iron pulley, showing the width 
of ^e surfaces of contact when the pulleys were compressed together with the force generally 
applied when the machine was at work. This width was, at the largest diameters, almost exactly 
i in. From the nature of the two convex surfaces compressing the leather between them, the 
actual surface of efficient contact cannot be taken at over half this width. (The slight error in 
estimating this contact as straight lines in place of circular arcs may be neglected.) This gives 
the angle subtended by the arc of contact on the iron pulley = 2^°, taking equation [5]. P = 6&| 

(l^ia-0003206a-) ^ ^^ (^ ^^o' ^'^^^^) = 66| (l - 10 " l'^^^^) = 66| (1 ~ 
0*98171) = 66i (0*01829) = 1*3717. 

Now, the average diameter of the iron pulley in the middle of its 4-in. face is 4*708 in. 
= 0*3923 ft., with a circumference of 1*2326 ft., and it is usual to run, at the least velocity, 1000 
revolutions a minute; whence the power given by these pulleys = 1*3717 lb. x 4 in. x 1*2326 ft. 

X 2 
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X 1000 reyolationB = 6757 foot-poundB = I hp. As the work performed by one of these eentri- 
fugal machines is the acquirement of velocity under the resistance of the friction of the machine 
and of the air, and the work of expelling the moisture is so insignificant in comparison that it may 
be neglected in estimating, it can be ta^en as probable that the real power demanded to keep the 
machhie in motion is very nearly that given by calculation. It should be stated that the basket 
belonging to this particular machine is ^ in. diameter and 12 in. deep. 

The second special case we instance at present consists in a proposed arrangement for driving 
a fan which had previously been found to demand an 8-in. belt on a 10-in. pulley to run it 1275 
revolutions a minu.te. (The arc of contact here was 162^, so that the apparent power with a 
very tight belt was 37} HP. : but about 4 of this was defective adhesion from running a rigid belt 
over so small a pulley.) It was thougnt desirable to avoid the fast-running countershafts, and 
drive this direct from an engine-pulley fly-wheel, by impingement, so to speak, of the belt on its 
tight side between the fan-pulley and another larger carrier-pulley, against a portion of the 
periphery of the fly-wheel. 

If we suppose the force demanded measured on the fan-pulley, as before, to be 40 rp. = 
1,320,000, and the fan-pulley to be 10 in. diameter x 16 in. wide, and to run 1250 revolutions a 

1 320 000 

minute; /. rr^rr — '- — ^— rs = 25*2 aa the pull, P, on each inch of width of the belt as it 

1250 X If X 16 X «- r > I 

comes from the 10-in. pulley. By substituting this value for P in equation [5], and then redndng 
the equation to find the value for a% we have a° =■ 65% which is the angle of contact demanded to 
^ive the necessary adhesion. 

It will be noticed that this angle is independent of the diameter of the fly-wheel pulley, it 
being only requisite that that diameter sjiould be such as with the given or assumed number of 
revolutions will produce the given velocity. In the case taken for example, the fly-wheel pulley 
was 16 ft. diameter x 16 in. wide, with 70 revolutions a minute velocity. 

As we have before remarked, the sum of the two tensions on the belt is constant, whether the 
belt is performing work or not; that is, 8 = T, + Tj ; but P = T, — T^. .•. T, = T, — P. 
.-. S = 2Ti-P. 

As we assumed in equation [5] T to equal 66} lbs., we can substitute the value of P as in 
Table I. in the equation, 8 = 2 (6|0|) — P = 1331 — P, from which it is evident that the sum of 
the tensions will vary with P or with the angle of contact. It is evident, also, that the load upon 
the shaft proceeding from the tensions T, and Tj will be the resultant of whatever angle the belt 
makes with a line joining the centres of the two pulleys, or as the cosine of that angle. 

By constructing on paper a pair of pulleys, it will be readily discerned that the angle in ques- 
tion for small pulleys^ 90° — -jr , and for large and croeeed ones, =: o* "" ^» ^® ^^^^ oonsequently 
form the foUowiog Table :«- 

Table m.— Stbei^qth or Lacing of Joint 66} lbs. thb Inoh Widb, 

Showing, first, the sum of tensions on both sides of a belt to each inch of width, whether in 
motion or at rest, when strained to transmit the maximtun quantity of power in general prac- 
tice ; and showing, second, the load carried by the shafts and supported constantly by the 
journals the inch of width of belt, when the arcs of contact vary as the angles of 

90° 100° 110° 120° 135° 150° 180° 210° 240° 270° 

lbs. Ita. llML llM. 11)8. Ibe. lbe.lbt.IbiL Hml 

Ist, 101- 98-53 96-26 94-15 9127 88-69 8432 80-81 78' 75*75 

2nd, 71-42 7547 78-85 81-53 84-32 8567 84-32 78-05 67-59 53-56 

When machinery is driven by gearing, the shafts only carry the running wheels and the weight, 
- and when the macMnes are thrown on, the friction of the lines increases with the work ; but with 
belts and pulleys the load on the line and its frictional resistance is constant, whether the 
machinery works or lies idle. 

It is not proper to assume that the load produced b^ the belt on the shaft is exaotiv that given 
by the second line in Table m. ; but we can be safe m taking those weights as rarely excosded, 
because belts begin to fail when they are ; and as rarely much less, because few of our machines 
are not worked up to their belt of capacity. 

The advantages shown by the figures on all the Tables, but especially on the last, in those arcs 
of contact over 180° where crossed b^lts are used, have the substantial ground of practice, although 
many mechanics are unaware of the facts. R. Briggs instances a case of several neavy grindstones 
having from main to counter Unes 8-in. crossed belts on pulleys, 3 ft. diameter, running 120 revo- 
lutions, only 8 ft. centre to centre, where belts have abready lasted, day and night use, three-and-a- 
half years. For the same purpose, 6-in. open belts were formerly used, with an average duration 
of a few weeks only. 

Another use of a crossed belt is for long belts, the crossing effectually preventing those waves 
which generally impair, if they do not destroy, such belts when open. 

We give a tabular record of the experiments of H. R. Towne, which will repay examination, 
as exhibiting several interesting and instructive facts connected with the efficiency of leather 
belts. 

These experiments were made with leather belts of 3 and 6 in. width, and of the usual thick- 
ness—about ^ths of an inoh. The pulleys used were respectively of 12, 23}, and 41 in. diameter, 
and were in each case fast upon their shafts. They were the ordmary cast-iron pulleys, turned on 
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the face, and, having already been in nae for some years, were fair repreeentatiyes of the pulleys 
usually found in practice. 

Experiments were made first with a perfectly new belt, then with one partially need and in the 
beet working condition, and finally with an old one, one which had been so long in use as to havo 
deteriorated considerably, although not yet entirely worn out. The adhesion of the belts to the 
puUeys was not in any way influenced by ^e use of unguents or by wetting them : the new ones, 
when used, were just in the condition in which they were purchased ; the others in the usual work- 
ing condition of belts as found in maohine-ehops and factories — that is, they had be^i well greased, 
sad. were soft and pliable. 

The manner in which the experiments were made was as follows : — The belt beine suspended 
oTer the pulley, in the middle of its length, weights were attached to one side of the belt, and 
increased until the latter slipped freely over the pulley ; the final, or siippiAg, weight was then 
recorded. Next, 5 lbs. were suspended on ecich side of the belt, and the additional weight required 
u^on one side to produce dipping ascertained as before, and recorded. This operation was repeated 
with 10, 20, SO, 40, and 50 lbs., successively, suspended upon both sides of the belt. In the Tables, 
these weights, plw half the total weight of the belt, are given as the '* equalizing weights " (T, in 
the formulas); and the additional weight re(^uired upon one side to produce slipping, is given 
under the head of ** unbalanced weighto ;" this latter, plus the equalizing weight, gives the total 
tension on the loaded side of the belt (T, in the formulaa). 

The belt, in slipping over the puUey, moved at the rate of about 200 ft. a minute, and with a 
constant, ratiier than increasing, velocity ; or, in other words, the final weight was such as to cause 
the belt to slip smoothly over the pulley, but not sufficient to entirely overcome the friction 
tending to keep the belt in a state of rest. In this case, that is, with an excessive weight, the 
velocity of the belt would have approximated to that of a falling body ; while in the experiments 
its velocity was much slower, and was nearlv constant, the friction acting precisely as a brake. By 
bein^ careful that the final weight was such as to produce about the same velocity of the slipping 
belt m all of the experiments, reliable results were obtained. 

It became necessary to make use of a weight such as would produce the positive motion of the 
belt described above, as it was found impossible to obtain any uniformity in the results when the 
attempt was made to ascertain the minimum weight which would cause the belt to slip. With 
much smaller weights aome dipping took place, but it was almost inappreciable, and could only be 
noticed after the weight had hung for some minutes, and was due very probably to the impercep- 
tible jarring of the building. After essaying for some time to conduct the experiments in this 
way, and obtaining only convicting and unsatisfactory results, the attempt was abandoned, and the 
experiments made as first described. • 

In this way, as may be seen, results were obtained which compare together very &vourably, 
and which contain only such discrepancies as will always be manifest in experiments of the kind. 
It is only by making a great number of trials and averaging their resultsythat reliable data can be 
obtained 

The value of the coefficient of friction which we deduce from our experiments is the mean of no 
leas than 168 distinct trials. 

It will be noticed, however, that the coefficient employed in the formulas is but six-tenths of the 
full value of that deduced from the experiments, the latter being 0*5853 and the former 0*4229. 
This reduction was made, after careful consideration, to compensate for the excess of weight 
employed in the experiments over that which would just produce slipping of the belt, and may be 
regarded as safe and reliable in practice. 

A note is made, over the record of each trial, as to the condition of ihe weather at the time of 
making it— whether dry, damp, or wet ; and it will be noticed that the adhesion of the belts to the 
pulleys was much affected by the amount of moisture in the atmosphere. It is to be regretted 
that this contingency was not provided for, and a careful record of the condition of the atmosphere 
kept by means of an hygrometer. The experiments indicate clearly, however, that the adhesion 
of the old and the partially-used belts was much increased in damp weather, and that they were 
then in their maximum state of efficiency. With the new belts, the indications are not so positive ; 
but their efficiency seems to have been greatest when the atmosphere was in a dry condition. 

Experiments were also made upon the tensile strength of belts, with the following results : — 
The weakest parts of an ordinary belt are the ends through which the lacing-holes are punched, 
and the belt is usually weaker here than the lacing itself. The next weakest points are the 
splices of the several pieces of leather which compose the belt, and which are here perforated by 
the holes for the copper rivets. The strengths of the new and the partially-used belts were found 
to be almost identi(»l. The average of the trials is as follows :— 

• 

3-in. belts broke through the lace-holes with .. .. 629 lbs. 
„ „ rivet „ „ .... 1146 lbs. 

„ „ solid part „ .. .. 2025 lbs. 

These give as the strength to the inch of width : — 

When the rupture is through the lace-holes 210 lbs. 

„ „ rivet „ .* .. .. 382 lbs. 
„ „ solid part 675 lbs. 

The thickness being -^ in. (= '219), we have aa the tensile strength of the leather 3086 lbs. 
a so. in. 

* From the above we see that 200 lbs. an inch of width is the ultimate resistance to tearing that 
we can expect from ordinary belts. 
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The experiments herein described axe strikingly corroborative of those already xm reoovd, and 
this gives increased assurance of their reliability: and, although there is nothing novel either in 
them or in their results, it is hoped that they will prove of interest, and that an examination of 
them will lead to confidence in the formulas which are based upon them. 
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Tusee-Imch Belt— pabtiallt used and in good order. 
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Belts and drums constitute the most convenient method of transmitting rotary motion &om one 
shaft to another. Of late years their use has enormously increased, on account of their easy appli- 
cation in almost every case where power is required to be transferred. Compared with OQS-wheel 
gearing, they possess several advantages, namely, the driving and driven shafts may be at a 
considerable distance from each other, and need not be parallel or in the same plane. 
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Belts and dnimB form very effective friction-Ksoiipliiigs. If a machine driven by a belt beoomes 
accidentally overloaded, the belt slips upon the drum, and a break-down is generally prevented. 

By the introduction of fast and loose pnlleys, the driven shaft can be set in motion or stopped 
with perfect safety, whilst the driving shaft is running at full speed. In cotton mills and otner 
factories, where a number of independent machines are driven from a single shaft, this contrivance 
is of great value. 

The motion of belts and drums is much smoother than that of gearing, and they can be readilv 
applied to machines which require a high velocity, where ordinary gearing would be quite inad- 
:missible. 

Material and Mode of Manufacture. — ^Leather is generally used for the manufacture of belting. 
Other materials have been tried, such as india-rubber, gutta-percha^ woven hemp, &c., but leather 
has been found to be the most reliable and economical in wear. 

The best description of leather for the purpose is English ox-hide tanned with oak bark by the 
slow old-fashioned prooess, and dressed in sucn a way as to retain firmness and toughness, without 
harshness and rigidity. 

The prime piurt of the hide only, called the butt, should be used, 
the other portions being comparatively loose, and only fit for inferior 
purposes. 

* The dotted lines a, a, a, in Fig. 646 show the shape and size of the 
butt. 

Butts are generally cut out of hides in the preliminary preparing 
process, and tanned by themselves. The time required for tanning 
oest leather varies from twelve to eighteen months, according 
to the thickness. When the tanning is thoroughly completed, the 
butt is curried or dressed. During this process it must be stretched. 
This is effected by machinery, the leather being allowed to dry in 
its extended state. Strap-butte of best leather can be permanently 
extended from 4 to 5 in. For light work, belts of single substance 
are sufficient, the strips of leather being joined together by feather- 
edged splices, first cemented and tiien sewn. Single belting varies 
in thiclmess from -j^ to J in. For heavy work, double and sometimes 
treble layers of leather are required, cemented and sewn through their entire length. The 
material used for the sewing is either strong well-waxed hemp, or thin strips of hide prepared with 
alum. The latter is generally used in the North of England; but its advantage over ^x>d waxed 
hemp is doubtfuL The thiclmess of double belting is from j^ to ^^ in. 

An improvement in the ordinary double belt, shown in Figs. 6l7, 648, has been introduced by 
Messrs. Hepburn and Sons, of Southwark, who have given much attention to this branch of leather 
manufacture. 

647. 649. 
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It consists in the substitution of a st^p of prepared untanned hide for the outer layer of the 
belt, corrugated, as marked by a a a in Fig. 647 ; the inner one next the drum being made of tanned 
leather as usual, and not corrugated. This combination, or composite belt as it is called, has much 
greater strength than a belt composed of tanned leather only, and is not nearly so liable to stretch 
in worki^. 

The sewing is also different. Instead of hand-labour being employed, these belts are sewn, or 
rather riveted, by machinery, and copper or malleable iron wire is used in place of waxed hemp, as 
shown in Figs. 647, 648. 

Fig. 648 represents a, longitudinal section of the belt through one of the lines of sewing, and 
shows the way in which each stitch or rivet is clenched and turned in. 

This metallic sewing is also applied to double belting made entirely of leather, and has been 
found to work well, and to be more durable than ordinary hand-sewing. 

Fastenings of Beits. — Belts are usually laced together by thin strips of hide prepared with alum ; 
from 12 to 18 in. is allowed for lap ; and rows of holes at equal distances are punched in each end 
of the belt. A belt-fastener, which is extremely simple and effective, and requires no lap, is given 
full size in Fig. 651. It is made of tough metel, of various sizes to suit different thiciknesses of 
belting ; a, a, Figs. 649, 650, shows how this fastener is applied. 

Various Modes of Driving Drums. — Fig. 652 represents the direct method, where the shafts 
of the drums are parallel and in the same plane. A is the driving drum, revolving in the 
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direction of the anow; B is the dzlTen dnmL is called the Itading side of the belt; D the 
folhwing side. 

Belts are more effeotiye when the leading side is underneath, as in Figs. 654, 6fi5, 
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The drum should be rather wider than the belt, and slightly rounded on the face ; -^ths of an 
inch to the foot of width is sufficient convexity, except in the case of small high-€peed pulleys, 
when it should be from | to } in. 
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Fig. 653 irepreBentB fhe crossed belt, wMoh has the effeot of mAking the drams reToWe in oppo- 
site directions. 

Figs. 654, .655, represent the fiist and loose pulley. 

The fork for shifting the belt from the fast to the loose pnlley most be placed at A, near the 
pnlleys, and act on the following part of the belt. 

Fig. 656 is a case where the shafts are parallel, but the drums not in the same plane; here it is 
necessary to lead the belt over guide-pullevs. 

Fig. 657 is a similar case, where the shafts are in the same plane, but not parallel. In Fig. 
658 the shjEtfts are neither in the same plane, nor parallel ; yet in this case no guide-pulleys are 
needed. Fig. 659 is a case where guide-pulleys are required. 

Fig. 660 represents the most general way of varying the velocity-ratio of two shafts. The pro- 
portion of the respective diameters of each pair of pulleys is such that the sum of the two is always 
constant, and, therefore, the same length of belt will do for all the speeds. 



MO. 



'■ ■ ' • ■ 



,-*- 



c 



M2. 



S2 



Z S...U 



^ 



;2) 





Figs. 661, 662, is a mode of varying the speed whilst the machinery is in motion. Two conical 
drums are placed in a reversed way to each other, so that the sum of any two corresponding dia- 
meters is always a constant quantity. The belt is made to move laterally along the surface of 
the cones, by certain contrivances ; and thus a gradual increase or decrease of speed in the driven 
drum is brought about, on account of the constantly var3ring proportions of the two diameters, while 
the angular velocity of the driving drum remains constant. 

Tension-rollers. — In order that the natural tension of the belts shall remain constant, and not 
exceed, though equalling, the value calculated, it is requisite to use tension^rollers. 

Q '1^ tV\tl ft 

The weight q of these rollers is found by the approximate expression q = — - — r-— > wherein 

a is half the obtuse angle A D B formed by the two branches of the belt upon which the weight 
rests, and may be assumed a priori; and 6 the angle between the line A B and the horizontal line 
A G, Fig. 663. That is angle B A G = 6. 

This formula is reduced to the following rule : — 

To calculate the weight of a tension-roller, capable of 
producing its pressure upon the two branches of a belt, a 
given normal tension, as in Fig. 663. 

Multiply the given normal tension by twice the cosine of 
half the obtuse angle formed by the two branches of the belt, 
and divide the product by the cosine of the angle formed by 
the common tangent of the two drums with me horizontal 
line AG. 

In fixing the belt, care must be taken to give it such a length that, when in repose, it shall 
only have a minimum flexure, and then the tei^on T will very nearly equal the value assigned to 
it by our previous developments. 

Means must, of course, be reserved of increasing or diminishing at wUl the action of the roller. 

If, owing to the particular arrangement of the drums, the tension-roller is not intended to act 
vertically, a suitable combination of levers may enable its action to be directed wheresoever it is 
necessary. The effort it exerts upon the belt perpendicularly to the line A B may then be calculated 
by the above rule, in supposing the angle & to be nul and its cosine equal to one. 

The general arrangement of the belting of Nasmyth, Wilson, and Go.'s mechanical workshops 
at Patricroft, near Manchester, shown in Figs. 664, 665, deserves particular attention. 

The shop consists of two spans of 38 ft. and 48 ft. respectively, each having a length of 102 ft. 
It is lighted from the top by means of skylights, as iadicated in Fig. 664. The smaller shop 
derives additional light from side-windows, close to which a row of small lathes is placed. The 
shafting A, A, is driven from a pair of vertical engines, fitted with balanced slide-valves, and 
having a pair of large pulleys fixed to their crank-shaft B, B, Fig. 665, in lieu of a fly-wheel. The 
straps from these pulleys are carried in opposite directions, so as to balance the strtuns produced 
by them ; and one strap O, G, supplies power to the machinery of each span of the shop. The 
driving-shaft D, D, on the top of each span transmits power to two parallel lengths of snafting, 
one at «ach side of the two buildings ; and for these also the belts bsdance their strains upon th^ 




9ELTS. 



815 




816 BELTS. 

drivinff-flhafl by being placed symmetrically in opposite directions. The machines are placed in 
panJlel rows lengthways at both sides of the buildings, so as to have a dear wide space thronghout 
the entire length of the shop for internal locomotion. By placing the smaller lathes in £nible 
rows in close proximity, and with their back-gearing against each other, it has been possible to 
put an unusual number of these tools into a limit^ space, still allowing free access to each 
machine, and giving a clear space in the centre for a passage. The workmen stand &ce to &ce, 
having the machines between them, and there is sufficient room for all their operations. 

Each span is tmyersed by a travelling-crane E of suitable power. The cranes are capable of 
reaching every tool in the shop, and are worked b^ hand from below by means of coidless cords /, /, 
passing round grooved pulleys attached to the geenng. The movements are in three directions ; and, 
oy provision of double-winding drums for the lifting-ohains, it is possible to reach the extreme ends 
of the shop on either side. To facilitate the passage of the travellers and their chains, it was found 
necessary to avoid the use of vertical columns for supporting the longitudinal timbers which cany 
the crane-rails, and another mode of construction was substituted. The crane-rails are supported 
on horizontal cast-iron brackets G, G, secured at one end to the side columns or wall-atandartfa, and 
having their free ends suspended from the cross-beams of the roof, as shown at H, H, Fig. 664. 
This mode of supporting the travellers is found to answer well, and it forms an element of great 
convenience with regard to the movement of heavy masses within the shop. The cast-iron brackets, 
at the same time, serve for the attachment of the hangers or bearings for the shafting,, for which 
purpose wooden planks are fixed to them throughout the entire length of the shop in l&ies parallel 
to tne side walls. 

We append, with some slight alterations, an article on the driving-belt, by Edward Sang. This 
article, taken from the 'Practical Mechanic's Journal' (1866), will render clear the methods of' 
investigation employed b^ Prony and Poncelet. 

The first problem which presents itself when we consider the arrangement of the driving-belt, 
is to compute the length of the belt when the diameters c^ the wheels and the distance between 
their centres are known* If the machinery be in position, it is a very easy matter to measure the 
length of the required belt ; and this direct measurement is even to be preferred to calculation, 
because ultimately the stretch of the belt has to be suited to the desired strain by trials. The 
converse problem, ** Having given the length of the belt, to compute the diameters of the wheels," 
is much more important, because the process of repeated trial would be both tedious anid 
expensive. 

This converae problem arises when we have to design a set of speed-cones, whicb may, with 
one belt, give a variety of speeds. The solution of this converse problem is attended with consi- 
derable difficulty : it can only be accomplished, for practical purposes, by help of that modification 
of the method of trial and error which consists in taoulating a regular series of computed results. 

In the * Edinburgh Philosophical Journal' for April, 18S1, E. Bang gave a table for this 
purpose, which had hardly been printed when an obvious improvement suggested itself. He 
reconstruoted the table witii this improvement, and thus deecrioes the manner in which it is to 
be used. 

In the first place, it is to be observed that there are three principal dimensions which have to be 
taken into consideration ; these are the diameter of the wheel, the diameter of the pulley, and the 
distance between the centres. Now, it would be impossible to make a table of triple entry in 
which tiiese three dimensions should enter as arguments, and the corresponding length of the belt 
as a result. 

It is necessary, for the sake of abridgment, to assume one of these as constant ; and that one 
which answers best is the distance between the centres. In the subjoined table this distance is 
announced to be unit ^^ 

In the second place, if P represent the centre of the pulley, 
Wthatof the wheel, and QR ST the belt passing over them, 
the inclination of the free parts, Q B and 8 T, to the line of 
centres depends only on the difference between the two dia- 
meters ; so that if another pair were placed at the same centres, 
and having their diameters each 1 m., or any other quantity, 
more than those of the former pair, the inclination of the free 
parts of the band would be unchanged. 

Thirdly, if we describe a circle round the centre, W, with a 
radius equal to the difference between the two radii, and draw 
from P the lines PU, PV to touch it, the entire line, PUX VP, 
is less than the length of the band, Q B S T, by the circum- 
ference of the pulley. Hence for each difference between the 
diuneters, or for each inclination of the free part of the belt, 
there is a corresponding excess of the length of the belt above 
the circumference of &e pulley, and also a corresponding 
excess of the same length of belt above the ciroumference of 
the wheel. By attention to these matters we can make our 
table one of single entry. 

In the former table, Sang made the difference between the 
diameters the argument, ana placed opposite to each difference 
the corresponding excess of the belt above the two circum- 
ferences. This arrangement made it necessary to multiply and to divide by 3*1415926. By the 
anangement of the present table these multiplications and divisions are avoided. 

If we compute the diameter of a wheel round which the belt would just go, and call the diameter 
of this wheel the helt-diameter ; then, for each inclination, the excesses of the l^lt-diameter above the 
diameters of the wheel and pulley is determined. These excesses are entered in the table. Further- 
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more, Sang has made the inclination of the free part of the band the primary aigument. In this 
way the arrangement of the table is as follows : — 

Colunn 1 contains the inclinations of the free part of the belt to the line of centres, giyen for 
each half-degree of the centesimal system, that ia, tor each multiple of 27' of the ordinary division; 
the values being given in ancient degrees and minutes, as well as in decimal parts of the right 
angle. 

Golmnn 2 contains the corresponding differences, W « P, between W, the diameter of the wheel, 
and P, the diameter of the pulley ; the differences of these values are also given for the purpose of 
interpolation. 

Column 3 contains the correMmonding excesses, B — P, of the belt-diameter, B, above the dia- 
meter of the pulley, with the differences. 

Column 4 contams the values of the exoesses, B — W, of the same belt-diameter above the 
diameter of the wheel, also with their differences ; the whole being given in decimal parts of the 
distance between the centres. 
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Table of the Relatxye Dimensioks of Belts and Pullets — continued. 



Inclination. 


W-] 


P. 


B-P. 


B-W. 


o 


f 


Declm. 


Value. 


Diff. 


Value. 


Diff. 


Value. 


Dur. 


20 


15 


'2250 


0-69223 


1472 


1-02126 


904 


■32903 


568 


20 


42 < 


'2300 


0-70695 


1467 


1-03030 


904 


•32335 


563 


21 


09 " 


■2350 


0-72162 


1463 


1-03934 


905 


•31772 


558 


21 


36 


•2400 


0-73625 


1458 


1-04839 


906 


•31214 


552 


22 


03 • 


-2450 


0-75083 


1454 


1-05745 


906 


•30662 


547 


22 


30 ' 


'2500 


0-76537 


1449 


1*06651 


908 


-30115 


542 


22 


57 ■ 


'2550 


0-77986 


1444 


1*07559 


908 


-29573 


536 


28 


24 • 


•2600 


0-79430 


1439 


1-08467 


908 


•29037 


531 


23 


51 • 


•2650 


0*80869 


1434 


1* 09375 


909 


•28506 


525 


24 


18 • 


•2700 


0-82303 


1429 


1*10284 


909 


•27981 


520 


24 


45 " 


■2750 


0-83732 


1424 


1*11193 


910 


•27461 


514 


25 


12 ■ 


•2800 


0-85156 


1419 


1-12103 


910 


•26947 


509 


25 


39 • 


•2850 


0-86575 


1413 


1*13013 


909 


•26438 


503 


26 


06 • 


•2900 


0-87988 


1408 


1 - 13922 


910 


-25935 


499 


26 


33 


•2950 


0-89396 


1402 


1-14832 


910 


-25436 


492 


27 


00 


•3000 


0-90798 


1397 


1-15742 


910 


•24944 


487 


27 


27 


•3050 


0-92195 


1391 


1-16652 


909 


•24457 


482 


27 


54 


•3100 


0-93586 


1385 


1 • 17561 


909 


. -23975 


476 


28 


21 


•3150 


0-94971 


1380 


1 • 18470 


909 


•23499 


471 


28 


48 ' 


3^00 


0-96351 


1373 


1-19379 


908 


•23028 


465 


29 


15 • 


3250 


0-97724 


1368 


1-20287 


908 


•22563 


460 


29 


42 ' 


asoo 


0-99092 


1361 


1*21195 


907 


•22103 


454 


SO 


09 


3350 


1-00453 


1355 


1-22102 


906 


•21649 


449 


30 


36 


•3400 


1-01808 


1349 


1-23008 


906 


•21200 


444 


81 


03 


3450 


1- 03157 


1343 


1*23914 


904 


•20756 


438 


81 


30 


'3500 


1-04500 


1336 


1*24818 


904 


•20318 


432 


81 


57 


•3550 


1-05836 


1329 


1*25722 


902 


•19886 


427 


82 


24 


■3600 


1- 07165 


1323 


1*26624 


901 


•19459 


422 


82 


51 


•3650 


1-08488 


1317 


1*27525 


900 


19037 


416 


33 


18 


'3700 


1- 09805 


1309 


1*28425 


899 


•18621 


411 


83 


45 < 


■3750 


111114 


1303 


1*29324 


897 


•18210 


406 


34 


12 • 


3800 


1-12417 


1295 


1-30221 


896 


•17804 


400 


34 


39 


3850 


1-13712 


1289 


1-31117 


894 


•17404 


394 


35 


06 ■ 


3900 


1-15001 


1282 


1*32011 


892 


•17010 


390 


35 


83 


3950 


1 - 16283 


1274 


1-32903 


891 


•16620 


384 


36 


00 


•4000 


1-17557 


1267 


1-33794 


888 


•16236 


878 


36 


27 


■4050 


1-18824 


1260 


1-34682 


887 


•15858 


373 


36 


54 


•4100 


1-20084 


1252 


1-35569 


884 


•15485 


368 


37 


21 ■ 


•4150 


1-21336 


1245 


1-36453 


883 


•15117 


363 


37 


48 


'4200 


1-22581 


1238 


1-37336 


880 


•14754 


357 


38 


15 


•4i250 


1-23819 


1230 


1-38216 


877 


•14397 


352 


38 


42 ' 


4300 


1-25049 


1222 


1-39093 


876 


•14045 


347 


39 


09 " 


■4350 


1-26271 


1214 


1-39969 


872 


•13698 


341 


39 


86 " 


■4400 


1-27485 


1206 


1-40841 


871 


•13357 


337 


40 


03 


•4450 


1-28691 


1199 


1*41712 


867 


•13020 


331 


40 


30 


•4500 


1-29890 


1190 


1*42579 


864 


•12680 


326 


40 


67 


•4550 


1*31080 


1182 


1*43443 


862 


•12363 


320 


41 


24 


'4600 


1*32262 


1175 


1*44305 


859 


•12043 


316 


41 


51 


•4650 


1-33437 


1166 


1-45164 


855 


•11727 


310 


42 


18 


'4700 


1-34603 


1157 


1-46019 


853 


•11417 


806 


42 


45 


•4750 


1-35760 


1149 


1-46872 


849 


•11111 


300 


43 


12 


•4800 


1*36909 


1141 


1-47721 


845 


•10811 


295 


43 


89 


'4850 


1-38050 


1133 


1-48566 


842 


•10516 


290 


44 


06 


'4900 


1-39183 


1123 


1-49408 


839 


•10226 


285 


44 


33 


•4950 


1*40306 


1115 


1-50247 


835 


•09941 

• 


281 



BELTS. 



319 



Table or the Relatite DiMEirsiONS of Belts and Pulleys — contintted. 
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B-P. 


B-W. 


o 


• J 


Dfcim. 


Vulue. 


Dtff. 


Value. 


IMir. 


Valne. 


Diff. 


45 


00 • 


5000 


1-41421 


1107 


1-51082 


831 


•09660 


275 


45 


27 • 


5050 


1-42528 


1097 


1-51913 


827 


•09385 


270 


45 


54 • 


5100 


1-43625 


1089 


1-52740 


824 


•09115 


265 


46 


21 • 


5150 


1-44714 


1080 


1-53564 


819 


•08850 


261 


46 


48 • 


5200 


1-45794 


1070 


1-54383 


815 


•08589 


256 


47 


15 • 


5250 


1-46864 


1062 


1-55198 


811 


•08333 


250 


47 


42 • 


5300 


1-47926 


1053 


1-56009 


806 


•08083 


246 


48 


09 • 


5350 


1-48979 


1043 


1-56815 


803 


•07837 


242 


48 


36 • 


5400 


1-50022 


1034 


1-57618 


797 


•07595 


236 


49 


03 • 


5450 


1-51056 


1025 


1-58415 


793 


•07359 


232 


49 


80 • 


5500 


1-52081 


1016 


1-59208 


788 


•07127 


227 


49 


57 


5550 


1-53097 


1006 


1-59996 


784 


-06900 


2-23 


50 


24 • 


5600 


1-54103 


996 


1-60780 


778 


-06677 


218 


50. 


51 ■ 


5650 


1-55099 


987 


1-61558 


774 


•06459 


213 


51 


18 • 


5700 


1-56086 


977 


1*62332 


768 


•06246 


209 


51 


• 

45 • 


5750 


1-57063 


968 


1-63100 


763 


•06037 


205 


52 


12 ■ 


5800 


1-58031 


958 


1-63863 


758 


•05832 


200 


52 


39 


■5850 


1*58989 


948 


1-64621 


753 


•05632 


195 


53 


06 


'5900 


1-59937 


938 


1-65374 


747 


•05437 


191 


53 


33 ' 


5950 


1-60875 


928 


1-66121 


741 


•05246 


187 


54 


00 • 


6000 


1-61803 


919 


1-66862 


736 


•05059 


183 


54 


27 


'6050 


1-62722 


908 


1-67598 


730 


•04876 


178 


54 


54 


•6100 


1-63630 


898 


1-683-28 


724 


-04698 


174 


55 


21 


'6150 


1-64528 


888 


1-69052 


718 


•04524 


170 


55 


48 ' 


'6200 


1-65416 


878 


1-69770 


713 


•04354 


165 


56 


15 • 


6250 


1-66294 


867 


1-70483 


705 


•04189 


162 


56 


42 ' 


6300 


1-67161 


858 


1-71188 


700 


•04027 


158 


57 


09 


6350 


1-68019 


847 


1-71888 


694 


•03869 


153 


57 


36 


'6400 


1-68866 


836 


1-72582 


687 


•03716 


150 


58 


03 


'6450 


1-69702 


' 826 


1-73269 


680 


•03566 


145 


58 


30 


'6500 


1-70528 


815 


1-73949 


674 


•03421 


142 


58 


57 


■6550 


1-71343 


805 


1-74623 


667 


-03279 


138 


59 


24 


-6600 


1-72148 


795 


1-75290 


660 


•03141 


134 


59 


51 


•6650 


1-72943 


783 


1-75950 


653 


-03007 


130 


60 


18 


•6700 


1-73726 


773 


1-76603 


647 


•02877 


127 


60 


45 


■6750 


1-74499 


762 


1-77250 


639 


•02750 


122 


61 


12 


•6800 


1-75261 


752 


1-77889 


632 


•02628 


120 


61 


39 


•6850 


1-76013 


740 


1-78521 


625 


-02508 


115 


62 


06 


•6900 


1-7^753 


730 


1-79146 


617 


-02393 


113 


62 


33 


•6950 


1-77483 


718 


1-79763 


610 


-02280 


108 


63 


00 


•7000 


1-78201 


708 


1-80373. 


602 


•02172 


106 


63 


27 


•7050 


1-78909 


697 


1-80975 


595 


•02066 


101 


63 


54 


•7100 


1-79606 


685 


1-81570 


587 


•01965 


99 


64 


21 


•7150 


1-80291 


674 


1-82157 


579 


•01866 


95 


64 


48 


•7200 


1-80965 


664 


1-82736 


571 


•01771 


92 


65 


15 


•7250 


1-81629 


652 


1-83307 


564 


•01679 


89 


65 


42 


•7300 


1-82281 


640 


1-83871 


555 


-01590 


86 


66 


09 


•7350 


1-82921 


630 


1-84426 


547 


•01504 


82 


66 


86 


•7400 


1-83551 


618 


1-84973 


538 


•01422 


80 


67 


03 


•7450 


1-84169 


607 


1-85511 


530 


-01342 


77 


67 


80 


•7500 


1-84776 


595 


1-86041 


522 


•01265 


73 


67 


57 


•7550 


1-85371 


584 


1-86563 


513 


•01192 


71 


68 


24 


•7600 


1-85955 


573 


1-87076 


505 


•01121 


68 


68 


51 


•7650 


1-86528 


561 


1-87581 


496 


•01053 


65 


69 


18 


•7700 


1-87089 


549 


1-88077 


486 


•00988 


63 



820 
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Ihcuvatiov. 


W-P. 




. B-P. 


B-W. 


o 


1 


Dedm. 


Valiw. 


DHL 


Value. 


Dlff. 


Valna 


DHr. 


69 


45 


•7750 


1-87638 


538 


1-88563 


478 


•00925 


60 


70 


12 


•7800 


1-88176 


526 


1-89041 


470 


•00865 


57 


70 


39 


•7850 


1-88702 


515 


1-89511 


459 


•00808 


55 


• 71 


06 


•7900 


1-89217 


503 


1-89970 


451 


•00753 


52 


71 


83 


•7950 


1-89720 


491 


1-90421 


442 


•00701 


49 


72 


00 


•8000 


1-90211 


480 


1-90863 


432 


•00652 


48 


72 


27 


•8050 


1-90691 


468 


1-91295 


423 


•00604 


45 


72 


54 


•8100 


1-91159 


456 


1-91718 


413 


•00559 


43 


73 


21 


•8150 


1-91615 


444 


1-92131 


404 


•00516 


40 


73 


48 


•8200 


1*92059 


432 


1-92535 


894 


•00476 


89 


74 


15 


•8250 


1-92491 


420 


1-92929 


384 


•00437 


36 


74 


42 


•8300 


1-92911 


409 


1-93313 


874 


•00401 


34 


75 


09 


•8350 


1-93320 


397 


1*93687 


864 


•00367 


32 


75 


36 


•8400 


1-93717 


384 


1-94051 


355 


•00335 


31 


76 


03 


•8450 


1-94101 


378 


1-94406 


844 


•00304 


28 


76 


30 


•8500 . 


1-94474 


361 


1*94750 


834 


•00276 


27 


• 76 


57 


•8550 


1-94835 


%rXO 


1-95084 


824 


•00249 


24 


77 


24 


•8600 


1-95183 


837 


1*95408 . 


. 313 


•00225 


24 


77 


51 


•8650 


1-95520 


825 


1*95721 


803 


•00201 


21 


78 


18 


•8700 


1-95845 


812 


1-96024 


293 


•00180 


20 


78 


45 


•8750 


1-96157 


800 


1- 96317 


282 


•00160 


18 


79 


12 


•8800 


1-96457 


289 


1-96599 


271 


•00142 


17 


79 


39 


•8850 


1-96746 


276 


1*96870 


261 


•00125 


16 


80 


06 


•8900 


1-97022 


264 


1-97181 


250 


-00109 


14 


80 


88 


-8950 


0-97286 


252 


1*97881 


239 


-00095 


18 


81 


00 


•9000 


1-97538 


239 


1-97620 


228 


•00082 


12 


81 


27 


•9050 


1-97777 


228 


1*97848 


217 


•00070 


10 


81 


54 


•9100 


1-98005 


215 


1*98065 


205 


•00060 


10 


82 


21 


•9150 


1*98220 


203 


1-98270 


195 


-00050 


8 • 


82 


48 


•9200 


1*98423 


191 


1*98465 


183 


•00042 


7 


83 


15 


•9250 


1-98614 


178 


1-98648 


172 


•00035 


7 


83 


42 


•9300 


1-98792 


166 


1-98820 


161 


•00028 


5 


84 


09 


•9350 


1-98958 


154 


1*98981 


149 


•00028 


5 


84 


36 


•9400 


1-99112 


142 


1*99130 


138 


•00018 


4 


85 


08 


•9450 


1*99254 


129 


1-99268 


126 


•00014 


4 


85 


30 


•9500 


l-99d88 


118 


1-99394 


114 


'00010 


3 


85 


57 


•9550 


1-99501 


104 


1*99508 


103 


-00007 


2 


86 


24 


•9600 


1-99605 


93 


1-99611 


90 


•00005 


1 


86 


51 


•9650 


1-99698 


80 


1-99701 


79 


•00004 


2 


87 


18 


•9700 


1-99778 


68 


1*99780 


67 


•00002 


1 


87 


45 


•9750 


1-99846 


55 


1-99847 


55 


•00001 





88 


12 


•9800 


1-99901 


43 


1-99902 


43 


•00001 


1 


88 


39 


•9850 


1*99944 


31 


1-99945 


30 


•00000 





89 


06 


•9900 


1-99975 


19 


1*99975 


19 


•00000 





89 


33 


•9950 


1*99994 


6 


1-99994 


6 


•00000 





90 


00 


1^0000 


2-00000 


•• 


2-00000 


•• 


•00000 


• * 



In Older to make the use of this table clear, we give an example : — 

Let the distanoe between the centres be 26 in^ the first diuneter on the wheel 27 in^ the 
first on the pulley 3-65, and the fomih on the pulley 7-80, it la required to compute tiie fourth 
diameter on the wheel. 

The first business is to reduce these dimensionB to decimal parts of the distance between the 
oentzes; this is done by dividing them all by 26; the results are W| s= 1-03846; P. s -14038: 
Pf = -30000. From these we find W. - P| = -89808, and we have to seek, by help of the table, 
the corresponding value of B — P|. Mow, the nearest number to the above -89808 which we find 
in the table ia -89396, which corresponds to B — P s 1 * 14832 ; we have, therefore, to make a cor- 
rection by interpolating by means of the proportion 1402 : 910 : : 412 : 267 ; wherefore the value 
of B — Pi comes out 1-15099, and addmg to this the value of P. we have the belt-diameter 
B = 1-29137. (If it were worth while, we might convert this into mches, obtaining 33*5756 in« 
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for ttie diameter of the wheel round which the belt would just fit, and giving 105*48 in. for the 
length of the belt itself.) 

Subtracting the fourth pulley diameter, namely, '30000, from this, we find B — P4 = '99137. 
Seeking in the proper column for this number, we find '98525, differing from what is wanted 
by 612. Tlie corresponding tabular value of W — P is '63295, which has to be corrected by 
interpolation, thus, 899 : 1488 :: 612 : 1013, giving the true value W« — P« = '64308: where- 
fore W4 = '94308, or in inches 24 '52, which is the dimension sought for. The calculation may 
be arranged thus : — 

W, = 103846 

Pi = 14038 

W.-P, = -89808 

Table '89396 

Tabular Error 412 ; 1402 : 910 :: 412 : 267 

Table 1-14832 

Ck)rrection + 267 

B-P, = 115099 

Pi = -14038 

B = 1-29137 

P4 = -30000 

B-P4 = -99137 

Table -98525 

Error 612; 899 : - 1488 :: 612 : 1013 

Table -63295 

Correction + 1013 

W4-P4 = -64308 

P4 = -30000 

W4 = •94308 = 24-520 in. 

To this it may be necessary to add an example in which the diameter of the pulley is wanted : — 
Let the distance between the centres be 27 '5 in., the lesser diameter on the pulley 3*5, the 

greater diameter on the wheel 27, and the lesser diameter on the wheel 24 ; and let us compute 

the corresponding greater diameter on the pulley. 

Dividing all by 27 '5, we obtain P, = -12727, Wi = 98182, W, = -87273; whence 

Wi = -98182 

Pi = 12727 

W,-Pi = '85455 

Table -85156 

Error 299 ; 1419 :- 509 :: 299 :- 107 

Table -26947 

Correction - 107 

B — W, = '26840 

W, = -98182 

B = 1-25022 

W, = -87273 

B-W, = -37749 

Table -38257 

Error - 508 ;- 616 : 1507 ::- 508 : 1243 

Table .. .. ■ -55798 

Correction + 1243 

W,-P, = «57041 

W, = -87273 

P, = -30232 = 8-314 in. 

If a set of pulleys and wheels be suited to each other, so that one band may go round each pair, 
and if another set be mode by augmenting aU the diameters by one and the same quantity, then 

Y 
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thiB second set bLk) will have the property of being suited to one band. Hence, if a nair of driTing 
oones be suited to a belt of one thickness, they will also suit a belt of any other thiclmess. 

When we have to do with wheels to be driven by means of round bands, and in which the edges 
are grooved, it is convenient to make the calculations as for the diameters of the cylindric surfaces 
A A, into which the grooves are to be cut, and we must take care, after 
these cylindric fillets are dressed, to cut all the grooves to one gauge. 
This being done, and a band of any thickness being fitted to one pair of ~ ^ 

grooves, the same band will fit the remaining pairs. * IW 

When the belts are to be crossed, there is no trouble in computing ^ 

the diameters ; for if the sum of the two diameters be kept the same, the (Iv /T 

length of the belt remains unchanged. In order to compute the length V 

of a crossed belt, we have only to enter the column titled W — P with 
the sum of the diameters instead of their difference, and then the corre- 
sponding value in the column- B — P is the belt diameter. Such a com- 
putation is very seldom needed, but merely for the sake of completeness 
an example is added. 

The distance between the centres being 30 in., and the diameters of 
the wheel and pulley being 43 in. and 7 in. respectively, the length of the 
crossed belt is wanted. 



M 



Here the sum of the diameters is 50 in. : this divided by 30 gives W + P = 1 '66667 : hence 

W + P 1-66667 

Table 1-66294 



Error 



373; 867 : 705 :: 373 : 303 



Table 
Correction 



+ 



1-70483 
303 



B = 1-70786 = 51-236 in. 

whence the length of the crossed belt is 161 * 05 in. 

When a belt is passed over the circumferences of two pulleys, so as to connect the motion of the 
one with that of tne other, it seems as if the velocities of these two oiroumferenoes ought to be 
alike ; and that difference which is observed whenever a belt is used for communicating determi- 
nate velocities, has been attributed to the slipping of the belt, or to that imaginary cause, the 
imperfection of machinery. The actions of machines, however, are governed by laws as exact and 
invariable as those which regulate the motions of the planets ; and what we call the imperfections 
of those actions are only evidences of our Ignoraooe of, or our inattention to, those properties of 
matter from which they inevitably follow. These accommodations, as we may call them, are essen- 
tial to the comfortable action of machines, and bring within our reach the use of oontrlvanees 
which would otherwise demand unattainable perfection in workmanship. An investigation of the 
action of the driving-belt shows that its supposed imperfection is an accompaniment essential to 
this mode of propulsion, and governed, like all other natural phenomena, by precise laws. 

To place the nature of the action in a clear light, let Fig. 668 represent a pair of wheels con- 
nected by a belt, A being the centre of the driving, B that of the driven wheel^ and G D £ F G H 
the belt moving in the direction of the letters. 

The apparatus being brought to rest, and the tensions on the two open parts, G D and F G, of 
the belt being alike, let us attempt to put it in motion by applying pressure to the wheel A. The 
wheel B will not begin to move until A has first turned a nttle romid, so as, by augmenting the 
tension on F G, and relaxing that on G D, to create a difference of tension sufficient to overcome 
the resistance offered to the motion of the wheel B. But this difference of tension can only be 
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created by the adhesion of the belt G G H to the stirface of the wheel A, and can only be permitted 
to exist by the similar adhesion of D E F to ^he surface of tlie wheel B. And again, these frictions 
necessarily depend on the pressure which the belts exert upon the surface of each wheel ; so that 
the first branch of our inquiiy must be into the law of the pressure of a belt against the curved 
surface to which it is applied. 

Let then F G H G D, Fig. 669, represent a belt which, while kept to a uniform tension, has been 
partially wound on the ciroumference of the wheel A. Our business is to discover the pressure 
which the belt exerts against each portion of the am O C H. 
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bisected the aro of contact in H, aasume a small element Pjo of the half HG; the 
presBure on this minute portion of the circumference of the wheel, necessarily directed to the 
centre A, may be decomposed into two portions, one parallel to and the other perpendiciQar to H A. 
That part which is perpendicular to H A is balanced by a similar pressure obtained from the 
corresponding element of the arc H C, and so is eliminated ; but that part which is parallel to 
H A is augmented by the analogous pressure on the other side, and the sum or integral of all such 
preeatires must make up the resultant of the tensions of the two free parts of the belt. If we put 
r for the radius of the wheel, a for the angle HAP, and da for the minute increment P Ap (c/a is 
termed the differential of a very small angle, not d x a; this is the very clumsy notation of the 
diflferential calculus), also p for the pressure of the belt against a linear unit of the circumference, 
prda must represent the pressure of the belt against the arc Pjo, of which the length iarda. 

This pressure, pr<f a, acting in the direction PA, gives, when estimated in the direction HA, 
the Talue p r, cos. a, da. The integral of this for the angle a is p r sin. a, and therefore if A repre- 
sent the angle HAG, 2pr sin. A is the value of the whole pressure of the belt against the 
surface G H G, estimated in the direction H A. But if s be put (or the uniform strain on the belt, 
2 a sin. A is the value of the resultant of the two tensions G F and G D, wherefore p r = a, because 
2pr sin. A = 2 « sin. A ; that is to say — 

The pressure of the heit against a portion of the circumference equal in length to the radius is just 
eqnal to the strain on the belt. 

Or, as it may otherwise be stated. The pressure against a linear unit of the circumference is equal 
to the teneUm of the belt divided by the number of the linear units in the radius of curvature, since 

s 

p = -. 

Before proceeding to apply this principle to the investigation of friction, it is necessary to point 
out one or two important corcMlaries : — 

When a cord, supposed to be of uniform tension, is wound round any object which is not cylin- 
drio, the pressure is greatest upon those parts which are most salient, since the radius of curvature 
there is tne least, amS therefore the tendency is to bring the object nearer to the cylindric form. 

Again, if a belt be passed over two wheels of different diameters, the pressure per linear inch 
is greater on the circumference of the smaller wheel, and hence the tear and wear both of the belt 
and of the surface must be greater there : and since the parts of the smaller wheel come more fre- 
quently round to be acted on than do those of the lar^r, it follows that the abrasion on the lesser 
wheel is greater than that on the larger, roughly, m the inverse ratio of the squares of their 
diameters. This is in accordance with the fact, well known to turners, that the pulley-groove 
wears away nuinv times faster than the groove in the fly-wheel. 

When a guide-pulley is used to deflect or to tighten a band, the pressure upon it is inversely 
proportional to the radius of the pulley ; and the injury done to it must, on account of the greater 
flexure, be in a still higher ratio : hence the importance of having such pulleys made as large as 
circumstances will allow. It is to be remarked that the angle of deflection has nothing to do with 
this action, which remains the same however small or however great the arc of contoct may be ; 
the amount of deflection, however, has to do with the friction on the axis of the pulley, and cannot 
be overlooked in an estimate of the general working of the machinery. 

When the radius of curvature is very small, the in^'ury done to the surface of the belt by what 
may be called a mere contact, becomes very great, being inversely as the radius of curvature and 
directly as the tension : hence the ease with which a tight cord is cut. The edge of the Imife has 
its radius of curvature excessively small, and its penetrating power is enormous. 

In this investigation we have assumed the belt to be imiformly tense, and the surface to be 
uniformly curved throughout. To accommodate the result to those cases in which the tension and 
the ctirvature are variable, we must restrict the formula to an infinitesimal portion of the arc of con- 
tact. Thus, if a be the inclination of the normal to a fixed line, r the radius of curvature of the 
arc, and therefore rda the length of an element of that arc, we shall have prda = sda,BO that 
the pressure of the belt against a small portion of the curved surface is proportional to its angular 
extcoit and to the tension of the belt, without reference to the radius of curvature. Supposing the 
tension to be alike, the pressure of the belt on one degree of the circumference of the puUey is just 
equal to its pressure on one degree of the circumference of the wheel. 

When the tension of the bdt is not uniform, there must be a tendency to slip from those parts 
where the tension is small towards those where the tension is great, and this tendency can only be 
counteracted by the friction on the ^.o 

intermediate i^ace. So long as '^''' 

this friction exceeds the difference 
between the two tensions there can 
be no change; but whenever the 
difference m tension exceeds the 
friction on the intermediate arc of 
contact the belt must slip. Thus, 
if the belt at G, Fig. 670, be 
stndned to a tension S, while at P 
the tension is only «, there can be 
no slipping when the friction on 
the intermediate arc G P is greater 

than S — i ; and therefore, if the belt be actually slipping, or on the point of slipping, the friction 
on G P must be exactly equal to the difference tetween the strains S and s. 

Experiment has shown that, for all practical purposes, friction may be regarded as bearing to 
the pressure a ratio constant for the same materials, but varsring from one material to another ; 

y 2 
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and this ratio, represented by what is called the coefficient of friction, has been determined for a 

neat variety of substances. Let us put / for this coefficient, so that, p being the pressure, fp may 

be the corresponding friction. 

Take now P/>, a minute increment to the arc G P : the difference between the tensions at P 

and />, when the belt is slipping, muBt be equal to the friction on the intermediate arc Pp. Now, 

although in strictness the tension augments from P to />, yet when Pp is supposed to be infini- 

tesimally minute, we may neglect this variation, and assume that the pressure upon the arc P/) is 

sdOy and that, therefore, the friction upon that arc is f 8 da. In this way the increment of the 

d 8 
tension from P top becomes ds = f8da, whence — = fda. 

s 

It is well known that the quotient of the differential of a variable by the variable itself, is the 

differential of the hyperbolic logarithm of that variable ; wherefore, passing from differentials to 

their integrals, we* have /a = log.^ s + constant. 

If then A and a be the inclinations of two normals to a fixed line, S and a the tensions of the 
belt at their extremities, we must have / A = log.^ S + constant, / a = log.^ a + constant, and 

subtracting, in order to eliminate the intermediate constant introduced by the integration, we get 

/(A-a) = log.. A. 

It thus appears that, when a belt is slipping, the difference between the logarithms of the ten- 
sions at two points is proportional to the angular interval between those points, without any regard 
to the radius of curvature, and that, therefore, this law holds good of unequably as well as of 
uniformly curved surfaces. 

If we measure off a series of equal angles, GAP, PAH, HAI,IAK, and so on, the logarithms 
of the tensions at the points G, P, H, I, K, and so on, must be in arithmetical progression, and the 
tensions themselves in continued proportion : this is also evident when we put the above equation 

under the form — = c , in which c is the basis of the hyperbolic system of logarithms. 

In order to prepare the above formula for actual use, we convert the neperian into common 

logarithms by multiplying each side of the equation by M = '43429 44819, and so on, the modulus 

a 

of common logarithms, and obtain M/ (A — a) = log. — • 

But here again the angles A and a are represented by arcs measured in parts of the radius, 
whereas it is customary to estimate them in degrees. Now, for half a turn A — a is «- = 3* 14159 
26536, whereforo for 1° of the ancient (or common) division the difference of logarithms must be 

M/ — , or for one degree of the modem division M/ r^. Wherefore if <i° be the number of 

ancient, a" the number of centesimal degrees over which the belt touches, 

log. ~ = /a° X -00757 98686 

= /a« X -00682 18818 
will give the ratio of the tensions at its two extremities when the belt is slipping. For half a turn 
the difference of the logarithms is / x 1*36437 63538; and thus, if the friction between the two 
surfaces were equal to the pressure, the ratio between the tensions of the two ends of a belt bent 
half round any cylindroid would need to be 23 : 1 before the belt would begin to slip. 

When we know the coefficient of friction and the angle of contact, we can compute, by the 
above formula, the ratio of the tensions ; conversely, if we have obtained the ratio of the tensions 
by experiment, we can compute the coefficient of friction ; or, lastly, having given the coefficient of 
friction, we can calculate the angular extent which may cause a given ratio between the tensions. 

If, in the material used, the friction were one-fourth part of the pressure, and if a belt were 
thrown over a fixed pulley, as shown in Fig. 671, the logarithm of the ratio of the tensions would 
be • 3410941, and the ratio itself would be 2 • 19328 : 1 ; so that if a weight of 2 • 19 lbs. S7i. 
were hung on at Q, a weight of 1 lb. at B would be sufficient to prevent it from falling, 
whereas it would take 4 • 81 lbs. at R to draw Q up. If the belt were thrown round so 
as to make the contact over three half-turns, the ratio of the strains would be the cube 
of the preceding, or 10 5572, so that 1 lb. at B would prevent the fall of 10 lbs. at Q. 

Hence the advantage which a sailor obtains by casting a line round a spar. With 
one turn he is able to resist a strain, say, four times that which he can exert directly ; 
with another turn he squares the ratio and obtains an advantage of sixteen times; 
with a third turn an advantage of sixty-four times. In this way he is able to command I 
the strain on the cable, so as by paying it out to stem gradually the motion of the ship. '^ 
Hence also it is that one man pulling at the loose end of a rope can prevent it from 
slipping on a windlass at which several men are working. P* 

Another example of the application of this law is as follows : — Having tied a weight to the end 
of a string, let us give the string a few tum^ round the smooth axis of a fly-wheel, and then pull 
at the free end. If the weight be, say, 1 lb., we may exert a strain of perhaps 60 lbs. without 
causing the cord to slip upon the axis : and by steadily continuing to pull, we put the fly-wheel in 
motion. But when we cease to pull, the force which the fly-wheel has aoauired carries it forwards 
so as to raise the weight and relieve the tension of that end of the corn by which we hold. As 
soon as this tension is reduced to the sixtieth part of a pound, the cord slips, and, if we let back the 
string, the weight falls. In this way, by altematelv pulling and letting aown, we generate motion 
only m one direction, since the resistance downwards is but a small fraction of the pressare exerted 
upwards. 
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This rapid aocnmiilation of resistance explains the actions of ties, splices, and knots of all 
kinds : the manner in which it takes place is, on that account, deserving of careful study. 

Having now considered the elementary principles on wnich the action of the driving-belt 
is founded, E. Sang proceeds to the proper subject of his essay. 

Let us suppose tnat, while a definite resistance is offered to the motion of the wheel B, the 
apparatus represented in Fig. 668 is actually turning, in consequence of a force communicated 
through the wheel A. The free part, O F, of the belt has been strained, and the part C D relaxed, 
until the difference between the two strains has become eoual to the offered resistance. Thus at Q 
the belt is lapped upon the driver in a distended state ; out it cannot remain in this state imtil it 
reach C, for we have seen that any difference in tension between two parts of the belt can only 
exist in consequence of the friction on the intermediate surface. If the angular distance G H 
correspond to the ratio of the two tensions, the f»rts of the belt, as soon as they reach H, must 
begin to contract, and so fall behind the siuface of the wheel in its onward progress ; and this con- 
traction must go on until each part arrive at G in that particular state of distension which is due 
to the strain on G D. 

The belt, in its now contracted state, is applied at D to the surface of the pulley B, and pro- 
ceeds along with that surface until it reaches a point E, having the angular distance E B F equal to 
HAG; there it begins to be distended, and it reaches F in a state to exert the tension on F Q. 

Thus it appears that in the ordinary and perfect action of a belt there is necessarily a slipping 
over the surfaces of the wheel and of the pulley ; a slipping which is evinced by the polish and 
tear and wear of those surfaces. The ordinary notion that the velocity of the wheel should be just 
that of the belt is thus seen to be altogether erroneous, and the idea of communicating a determi- 
nate velocity by means of a belt to be quite a fallacy. 

If, on account of increased resistance to the motion of B, the ratio of the tensions on F G and 
G D be augmented, the extent of the arcs of slipping must increase also } and as soon as the ratio 
becomes what is due to the arc D F, the belt will be drawn over the pulley without carrying it 
along, and then the belt slips in the ordinary acceptation. Now the angle of contact is greater on 
the larger wheel, and therefore we may be prepared to expect that the belt should slip on the 
pulley. With crossed belts the angles of contact are nearly alike on both surfaces, and minor 
circumstances are then sufficient to determine on which of the two the slipping will happen. 
Hence it is useful to arrange the machinery so that the curvature of the slack part of the belt may 
augment the angle of contact ; in general, it is best to have the upper free part slack. 

The remedy for the slipping is to augment the general tension of the belt either by increasing 
the distance between the centres or by shortening the belt; in some cases by using deflecting 
pulleys. These remedies would have been ineffectual if the angular distance G H had been pro- 
portional to the difference between the two tensions instead of to the difference between their 
logarithms; but as it is, when we augment equally both strains we diminish the ratio between 
them, and thus lessen the distance over which the slipping takes place, so as to bring it within 
FD. 

In practice it is clearly advantageous to have the belt as slack as the nature of the work will 
permit, in order to have no avoidable strain and friction upon the axes. This arrangement is 
readily made by trial, and must, indeed, be repeatedly performed in consequence of the permanent 
elongation which takes place in new belts ; nevertheless, in order to leave no essential part of the 
theory untouched, we propose to compute the actual quantity of belt which must be used to over- 
come a stated resistance. 

From the dimensions of the hiachinery we can easily ascertain the angle DBF, and from that, 
if the coefficient of friction be known, the utmost ratio that can be allowed between the strains on 
the two free parts of the belt. The nature of the work to be done gives us the difference between 
those strains, and thus, by the solution of a very easy equation, we can compute the strains them- 
selves. 

If (i be the required difference, and if p be the ratio of the two strains, we must have 

pd d 



where, according to what has been already shown, p = e^^ ^. 

Having now ascertained the values of the strains to which the two parts of the belt must 
be subjected, we can discover how much belt must be used by attending to the law of its exten- 
sion. Having suspended a piece of it by one end, and measured the distance between two marks 
made on it, we attach a known weight to the lower end, and measure the increased distance 
between the same marks. By this experiment we discover the law of distension of all belts of 
the same material. Let x be the extension of one unit in length when its own weight is hung on ; 
then if to be the weight per foot of another belt of the same material, / its length when unstrained, 

and 8 the strain to which it is subjected, its length on being strained becomes / ( I + — ' ' ) • 

For ordinary practice it is sufficient to suppose that the whole length of the belt is subjected to 
the average of the two strains, S and s, so that if Q be the quantity of belt, that is, the length 
measured when there is no tension, and L the true length of the line G D £ F G H, 

L = Q(l + a:-^); Q ==--___—- . 

When the material is not very extensile, the quantity of extension, or the distance which the 

two ends should want of meeting before they are joined together, is given to a sufficient degree of 

X S 4- 8 
precision by the formula, L — Q = L — ^ — ^r— , from which we see that the distension of the bond 

is nearly proportional to the strain on the axes. 
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This compatation is, however, only approximate. If we wish to obtain a trae result we must 
look more narrowly into the conditions of the problem ; and although, for practical purposes, this 
be a mere refinement of exactitude, it is yet useful in leading to a just perception of the principles 
involved. 

Let C be the distance between the centres, B and r the radii of the two wheels, and t the incli- 
nation of each free part of the belt to the straight Une joining the centres : then in the case of the 
plain belt we have 

B — r = C sin. I, 
C D = a COS. t, 
D F = r (» - 2 0, 
GC = B(» + 2i), 

80 that the entire len^h of the belt, taking no account of the deviation from straightness caused 
by its own weight, is L = 2 C cos. i + * (B + r) + 2 1 (B — r). 

The belt is in various states of tension at different places. From G to D thero is the uniform 
tension a ; from D the tension gradually increases to F, where it becomes equal to S ; from F to G 
the tension remains constant, nor does it begin to change until we reach the point A, so taken 
that the angular distance C A is equal to D F ; at that point the tension begins to decrease, until 
it is reducS to S at the point C. These are the phases when the belt is plain and when the 
larger wheel drives. 

X 

Putting A for — , that is, for the extensibility of the actual belt, the quantities on the two 

« • 

free parts C D and F G aro ' and ' ; the length of the aro G A is L, 4 B i, and sinoe 

14"** I + Ad 

4Bt 
the tension on it is S, when the larger wheel drives, the quantity of belt is . 

1 "T* ■«*■ S 

There remain yet to be computed the quantities of belt on the two arcs D F and A c, over 
which the tension is variable. Sinoe these are similar arcs of different circles, and sinoe the grada- 
tion of strain is alike in both, the quantities of belt on them must be proportional to their radii, 
and so one investigation is enoueh. 

Let, then, be an arc over which the tension varies, and lei d 6 he an element of that aro, the 

radius being unit ; then if « be the strain at the beginning, < c is the strain at the end of the 

arc, and the quantity of belt applied iod0iBdq = dei + k€ «)~ 
The integfral of this gives the quantity of belt on the whole aro « to be 

5 = 6 + - log., ^. 

^ l + kac^ 

To adapt this general formula to our present case, we must put 9 = v — 2 1, and observe that 

then 8 ff becomes the major strain S, so that (B + r) {«- — 2 1 + -r- log., \ is the quantity 

v / 1 + A o) 

of belt covering these two arcs. Hence the length of the entire belt in its unstretched state must, 

in order to give the requisite strain, be 

and the amount of contraction when the belt is taken off the wheels should be 

T n _, Y ** . *S \ . ^„ *S ^B + r, 1 + A8 
L - Q = a COS. • ( -——T- + , , . ) + 4 • B _ , .^ + — y- log., ^ , . . 

\1+Aa 1 + Aa/ 1 + AS / °*1 + A« 

When the smaller wheel leads the larger, the tension on the aro G A is only <, and the above 
formula becomes 

And, when the belt is crossed, we have a sin. t" = B + r, and the angles of contact, r + 2 •* 
each, the point, A, merging into G ; hence the entire length in that case is 

L' = 2acos.i'+(B + r)(» + 2t'), 

and the amount of distension, L'- Q" = cos. • Y j-i^ + ^-^^ + (R + r) jlog., iyTT* 

If we develop the above values of the contraction in series, according to the powers of A, and 
omit the second and higher powers, which are always exceedingly small fractions, we obtain the 
approximations, 

L- Q =:A |acoe.i(8 + ») + 4BiS+ -^(B+r)(8-o} 
L- Q'=A |acos.t(S + 0+4R»«+ 7(R + 0(S-0} 

L'-Q"= A |acos.i'(S + *) +4R»»+ y(R + r)(S-«)} 

The last term of each of these expressions depends on 8 - «, that is, on the work to be dono, 
while the first terms depend on the manner in which that work is accomplished. 
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ThrotiKhout the whole of these inquiries, the superiority of the crossed belt is apparent. Thus, 
in plain belts the ratio of S to < is much less than in crossed belts, and thereiore the g^eral 
tension and consequent friction must be greater. 

Having now examined what may be ^led the statical part of our subject, and ascertained the 
relation between the resistance to be overcome and the length of the belt, Sang proceeds to consider 
those phenomena which attend the continuous motion of the apparatus. 

It at once follows, from the continuity of the belt, that if the resistance remain unchanged, 
equal quantities must pass over with the circumference of both wheels. Now it is wrapped upon 
the driving in a more distended state than upon the driven wheel, so that the linear velocity of the 
latter must be less than that of the former. If B be the entire quantity of belt which has passed a 
Riven point, the distances traversed by the driving and driven wheels must have been B (I + A S) and 
£ (1 + A «) respectively. Now the force, or quantity of work done, is the product of the resistance 
l«y the distance passed over ; so that the force given out by the driver must have been B (S - s) 
(1 + ^ H), while that communicated to the pulley has only been B (S — «) (1 + A a). Hence a belt 
does not transmit the whole of the force delivered to it. The origin and nature of this loss have 
not, so far as I am aware, ever been adverted to, and on this account I shall examine it the more 
minutely. 

Subtracting the second expression from the first, and replacing for k its equivalent — , we have 

loss of force = B - (S - «)«. 

to 

From this it appears that the loss of force is directly proportional to the extensibility of the 
material of the belt, and inversely to the weight of a given length of it : and hence the advantage 
of using a material not easily stretched, and also, with a limitation to be hereafter noticed, heavy 
rather than light belts. 

Again, if we have to create a given tension, we may, by augmenting the diameters of both 
wheels proportionally, reduce S - « ; for example, with double diameters we should have S - i 
halved, and its square quartered ; but then the belt would pass with double speed : so that, taking 
all into account, the loss of force would be halved, provided the strength of the belt be not chcmged. 
Hence we have these maxims : — 

The loss of force is directly proportional to the specific extensibility of the material, inversely 
proportional to the weight of one foot of the belt, and also inversely proportional to the diameters 
of the wheels when their ratio and the work to be done are fixed. 

The only absorbent of this lost force is the friction of the belt upon the surfaces of the two 
wheels. In order to compute the amount of this friction, let o- be the strain at any part of the arc 

B B 

over which the slipping takes place, and — the quantitative velocity of the belt, then — (1 + ktr) 

T T 

is the linear velocity of that part of the belt, while — (1 + ^ S) is the velocity of the surface of 

T 
■D 

the wheel ; so that the rate of slipping must be — A (S - o-). Now the friction on an element of the 

T 

arc is necessarily d o-, so that — A (S — ir) (f o- is the rate at which force is absorbed by friction 

T 

upon this element. Integrating from o- = S to o- = s, and extending the computation over the 
whole time, the force lost by friction on the wheel is | B A (S - «)^ : that consumed by friction on 
the pulley is also ^ B A (S - a)' ; and thus the total loss is B A (S — <)', precisely what we found 
by comparing the velocities of the two wheels. We may observe here that the same result would 
have been found although any other law of friction or of extensibility had been assumed ; and it 
is also worthy of notice that this force has been distributed equally between the two wheels, irre- 
spective of their diameters. 

The amount of force delivered to the driver is (S - s) (1 + ^ B, but the whole of this is not 
communicated to the free parts of the belt, a portion (S - s) | B A being previously absorbed by 
friction on the surface of the driver. The force received by the free parts of the belt, and by them 

transmitted to the pulley, is thus, B (S - «) 1 1 + * — o" }* ^ **"^ agai^ » second portion 

I B A (S - i^ intercepted by the Motion on the surface, and only B (S — «) (^ + ^ communi- 
cated to the shaft of the pulley. 

In the above formula, for the force actually transmitted along the free parts of the belt, we may 
observe that the last factor is, for all practical purposes, a constant quantity for a given belt when 
once put on ; for although the apparatus may encounter a variety of resistances, S — s, the sum of 
the two tensions, S and «, hardly varies. 

Now the distances passed over by the circumferences of the two wheels are susceptible of easy 
measurement ; let us suppose that, in the time r, these distances have been foimd to be D and d ; 
then we shall haveD = B(l + ^ »): d =B0. + h8); whence 

S-..^,B(...5±.).E±i, 

B-d D + d 

so fhat the force transmitted through the free parts of the belt is — r — * op • 

In perfect strictness this formula is only true if the tensions remain uniform during the whole 

time, for the last factor "l varies slightly with the resistance to be overcome. In piactice 

2 B 



828 BELTS. 

however, this fisctor ecarcely diffen fimn -^ , and the enor of saostitnting this latter for it ii 

contained within very narrow and ascertainable limits ; hence we may assune, for all practical 
purposes, the formula 

Transmitted force = (D - <0 tt ' --» 

as giving the amount of force transmitted during the time over which the measurements extend. 

The entire loss of force in the same time is 2 -=r — ^ -rr- — , one-half being lost at each 

i> 4- a Q « 

surface. 

Knowing, then, the specific extensibility of the material which is denoted by x, and to the weight 
of a linear unit of the oelt used, we are prepared to register the amount of force actually tnuis- 
mitted by it. For this purpose, we bring the edges of two light pulleys to bear gently upon the 
two free parts of the belt, bo as to register the distances through which they move, and then the 
differences between these distances is proportional to the transmitted force. 

Even although the belt be not quite unifonn in thickness, this method of registration still 
answers, particularly if the values of x and w be determined by experiments made on the whole 
length of the actual belt. 

Hitherto we have reasoned as if the belt had no thickness, as if the surfaces of the pullejnB 
were truly cylindric, and as if the material were perfectly elastic. We have yet to take aU these 
circumstances into account. 

For the purpose of obviating the tendency which a flat belt has to run off the pulleys, the 
surfaces of these are made convex in the direction of the axis. At first thought it would appear 
that such a form would increase the tendency to run off, and that a grooved or hollow contour 
would rather be needed ; but a little reflection clears the matter up. When a band of rope or of 
ox-gut is used, the wheels are made with deep grooves ; in these cases the roundness of the band 
allows it to roll, so to speak, down the declivity of the groove whenever the inaccurate position of 
the wheels has tended to lead it out of its proper pla^. The spiral motion resulting from this 
action is familiar to turners. Since the pressure upon the sides of the groove is augmented in 
proportion to the cosecant of the half angle, the friction is augmented in the same proportion, 
and hence deep an^lar grooves give a better hold to the band, and enable the lathe to run more 
lightly than round-bottomed grooves do. 

But when a flat belt is used, this rolling cannot take place, and the adhesion of the surfaces 
causes an action which may be best explained by help of a simple mechanical illustration. 

Having provided a slightly tapered cone A B C D, let a belt E F be attached to its surface in 
a direction perpendicular to the axis ; and then let the cone be turned gently roimd while the 
tape EF, with a strain upon it, is obliged to pass ^^j. 
through a fixed aperture at F. That side of the oelt 
which is toward the larger end of the cone is more 
rapidly taken up than the other side, and the belt, in n 
consequence, gradually inclining from the perpendicular, ^^ 




runs up toward the thicker end of the cone until the Q F 
obliquity of the strain directed to F causes it to slide. 

If the surfaces of the wheels were truly cylindric, 
and exactly opposite to each other on parallel shafts, 
and if the belt were perfectly straight and uniform, 
there would be no tendency to move to the one side or to the other. But belts, and especially 
those of leather, are liable to irregularities, and their joints are with difii9ulty made straight, so 
that the two edges are not of equal length ; besides, we are unable to arrange machinery with 
perfect accuracy ; hence arises a tendency of the belt to move aside : this tendency is corrected by 
the rounding of the peripheries. The effect of this roundmg is easily seen. Whenever the belt 
has chanced to go to one side, that edge which is nearer the middle of the pulley is taken up faster 
than the other «lge, and so the belt is soon brought into its place again. It may be here observed 
that this very provision which keeps the belt in its place so long as the macmnery is in proper 
action, tends to throw it off whenever the resistance becomes so great as to cause a slipping. The 
degree of rounding of the rims depends on the character of the beltA, and on the precision with 
which the machinery is erected ; it can, therefore, only be ascertained by experience. The rounding 
should be made as slight as is consistent with security, since, as we shsJl see immediately, every 
deviation horn the cylindric fbrm is accompanied by a loss of force. 

In their progress round the wheels, the different parts of the belt are stretched and relaxed 
alternately. Now, if the material were perfectly elastic, the force expended on the distension 
would be reproduced on the contraction of the belt ; but the imperfection of the elasticity prevents 
more than a portion of this force from being restored, and hence arises a loss, the character and 
amount of which we may attempt to examine. 

There do not exist any series of experiments on the phenomena of imperfect elasticity of suffi- 
cient extent or exactitude to make known the law according to which force is lost by it. Analogy 
and a few experiments have led to the belief that, within the limits of ordinary practice, thp force 
reproduced bears to that which had been expended in disturbing the natural condition of the par- 
ticles a ratio constant for a given material ; but observations that we have lately made have satined 
UH that this law is far from being true, and that time has a great influence on the phenomena. For 
the i)re8ent, it will be enough to observe that the loss of force will certainly be greater the greater 
the distiu'bance of the particles. 

Now, in changing from the state of tension S to that of 5, the amount of linear disturbance is 
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proimrtional invenely to the weight, w, of a given length of the belt, and therefore, in respect of 
thia part of the action also, the loss of force is the less the heavier the belt is made. So far as we 
have yet seen, it is preferable to use heavy belts. 

When bent round the circumference of a wheel, the oater parts of the belt are distended, the 
inner parts relaxed ; and supposing the section of the belt to be rectangular, the amount of force 
expended in making these changes is proportional directly to the breadth, to the square of the 
thickness, and inversely to the diameter of the wheel. Hence if two belts he of like strength, but 
the one broad and thin, the other narrow and thick, the amounts of force expended in bending 
them must be proportional directly to their thicknesses ; and hence the advantage of using broad 
thin belts. 

The practice of strengthening belts by riveting on an additional layer must be exceedingly 
objectionable ; indeed, it is difficult to see how any additional strength is gained, for the outer 
layer must be tight when on the wheel, and slack when free ; so that, in reality, the strength of 
oiUy one layer can be available : the parts of the compound belt are puckered and open alternately, 
as evinced by the crackling noise. The proper procedure is to increase the breadth of the belt. 

If, as must be the case in all driving-belts, the rim of the wheel be rounded, the loss of force by 
flexure is augmented ; because the difference between the radii of the middle of the outer surface, 
and of the edge of the inner surface, is greater than if the rim had been cylindric ; and henoe the 
importance of having the rims as little rounded as possible. 

If the law of imperfect elasticity were known, we could reduce these various losses to calcula- 
tion ; as it is, we can only take a limited and very unsatisfactory view of the subject. 

The following investigation was undertaken by J. B. Francis, for the Merrimack iCanufao- 
tnring Company, of Mass., U.S., for the purpose of determining the relative fitness of shafting and 
belting, of particular materials, for a cotton factory being erected, by this company. 

In fiustories and workshops, power is usually taken off from the lines of shafting, at many points, 
by pulleys and belts, bv means of which the machinery is operated, as shown in Figs. 664, 665. 
When the machines to be driven are below the shaft, there is a transverse strain on the shaft, due 
to the weight of the pulley and tension of the belt, which is in addition to the transverse strain 
due to the weight of the shaft itself. Sometimes the power is taken off horizontally on one side, in 
which case the tension of the belt produces a horizontal transverse strain ; and the weight of the 
pulley acts with the weight of the shaft to produce a vertical transverse strain. Frequently the 
machinery to be driven is placed above the floor to which the shaft is hung in the story below ; 
in this case the transverse strain produced by the tension of the belt is in the opposite direction to 
that produced by the weight of the pulley and shaft. Sometimes power is taken off in all these 
directions from the part of a shaft between two adjacent bearings. To transmit the same power, 
the necessary tension of a belt diminishes in proportion to its velocity ; consequently, with pulleys 
of the same diameter, the transverse strain will diminish in the same ratio as the velocity of the 
shaft increases. In cotton and woollen factories with wooden floors the bearings are usually hung 
on the beams, which are usually about eight feet apart ; and a minimum size of shafting is 
adopted for the different classes of machinery, which has been determined by experience as the 
least that will withstand the transverse strain. This minimum is adopted independently of the 
size required to withstand the torsional strain due to the power transmitted ; if this requires a 
larger diameter than the minimum, the larger diameter is, of course, adopted. In some of the 
large cotton factories in this neighbourhood, in which the bearings are about 8 ft. apart, a 
minimum diameter of 1-| in. was formerly adopted for the lines of shafting driving looms. In 
some mills this is still retained, in others* 2^ in. and ^^ in. have been substituted. In the same 
mills tibe minimum size of shafts driving spinning machinerv is from 2^ to 2\^ in. In very long 
lines of small shafting fly-wheels are put on at intervals, to diminish the vibratory action due to 
the irregularities in the torsional strain. 

We can deduce from formula [1], which will be presently established, the breaking power, or, in 
other words, the power which, being transmitted by a shaft, will produce a torsional s^in upon it 
equal to its total resistance to that force. 

Put p = the breaking power, in horse-powers of 33,000 foot-pounds. 
K = the number of revolutions of the shaft per minute. 

^ 2irBNW 

^ - 12 X 33000' 

from which we deduce, * 

^ 12x33000 ;> 

2»N 

Substituting this value in [1], we flnd, 

Substituting the values of T, adopted above for iron and steel, we have 

For wrought iron, p = 0' 1558 N d», [9] 

„ steel, p = 0-2492Nd>, [10] 

„ cast iron, p = 0*0935 Nd». [11] 

A' formula for the wrought-iron shafts of prime movers and other shafts of the same material, 
subject to the action of gears, which Francis adopted in numerous cases in practice during the last 
twenty years, and found to give an ample margin of strength, is 

^y lOOP 
d=V_^-, [12] 
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in which P = the power transmitted, and from which we deduce 

P = 001Nd». [13] 

For simply transmitting power, the formuhi used is 

<* = ^y. [H] 

from which we deduce P = 0-02 N d«. [15] 

The following Table gives the power which can be safely carried by shafts making 100 rerolu- 
tions per minute. The power which can be carried by the same shafts at any other velocity may 
be found by the following simple rule: — 

Multiply the poicer given in the Table by the number of revolutions made by the shaft a minu^ ; 
divide the product by 100 ; the quotient will be the pwoer which can be safely carried. 



Diameter 
In 


Hone-power which can be safely carried hj Shafts 
for Prime Movers and Uears, well supported by 

if of 


Horse-power which can be safely Inmraiitted bv 
ShafU making 100 revolutions a minute, in whicn 
the Transvene Strain, if any, need not be oon- 
Bidered; if of 


Inchei. 


Wrought Iron, 

computed by 

Formula [13J 


Steel, 
computed by 
Formula [16]. 


Out Iron, 

computed by 

Fonnula [20J. 


Wrought Iron, 
computed l^ 
FormulA [ifrj. 


Steel. 

computed by 

Fonnula [18]. 


Oast Iron, 

computed by 

Fonnula [Uj. 


100 


100 


1-60 


0-60 


2-00 


3-20 


1-20 


1-25 


1-95 


3-12 


1*17 


3-90 


6-24 


2*34 


1-50 


3-37 


5-39 


2-03 


6-74 


10-78 


4-06 


1-75 


5-36 


8-58 


8-22 


10-72 


17-16 


6*44 


200 


800 


12-80 


4-80 


16-00 


25-60 


9*60 


2-25 


11-39 


18-22 


6-83 


22-78 


36-44 


13-66 


2-50 


16-62 


24-99 


9-37 


81-24 


49-98 


18-74 


2-75 


20-80 


33-28 


12-48 


41-60 


66-56 


24*96 


3-00 


27-00 


43*20 


16-20 


6400 


86-40 


32*40 . 


8-25 


34-33 


54-93 


20-60 


68-66 


109-86 


41-20 


3-50 


42-87 


68-59 


25-72 


85-74 


137 18 


61-44 


8-76 


52-73 


84-37 


31-64 


105-46 


168*74 


63-28 


400 


6400 


102-40 


38-40 


128-00 


204*80 


76-80 


4*25 


76-77 


122-83 


46-06 


153-54 


245-66 


92 12 


4-50 


91 12 


145-79 


64-67 


182-24 


291*58 


109-34 


4-75 


107-17 


171-47 


64-30 


214-34 


842-94 


128-60 


5 00 


125 00 


200-00 


75-00 


250-00 


400*00 


150-00 


6-25 


144-70 


231-52 


86-82 


289-40 


463-04 


173-64 


5-50 


166-37 


266-19 


99-82 


382-74 


532-38 


199-64 


5-75 


190-11 


804-18 


114-06 


380-22 


608*36 


228 12 


* 600 


216-00 


345-60 


129-60 


432-00 


691*20 


259-20 


6-25 


244-14 


390-62 


146-49 


488-28 


781-24 


292*98 


6-50 


274-62 


439-39 


164-78 


549-24 


878-78 


329-66 


6-75 


307-55 


492-08 


184-53 


615-10 


984*16 


369*06 


700 


343-00 


548-80 


205-80 


686-00 


1097-60 


411*60 


7-25 


381 08 


609-73 


228-65 


762 16 


1219-46 


457*30 


7-50 


421-87 


674-99 


253-13 


843-74 


1349*98 


506*26 


7-75 


465-48 


744-77 


279-29 


930-96 


1489*54 


658*58 


800 


51200 


819-20 


807-20 


1024-00 


1638*40 


614*40 


8-25 


561-52 


898-43 


336-91 


1123-04 


1796-86 


673*82 


8-50 


614-12 


982-59 


368-47 


1228-24 


1965*18 


736*94 


8-75 


669-92 


1071-87 


401-95 


1339-84 


2143-74 


803-90 


900 


729-00 


1166-40 


437-40 


1458-00 


2332*80 


874-8a 


9-25 


791-45 


1266-32 


474-87 


1582-90 


2532-64 


949-74 


9-60 


857-37 


1371-79 


514-43 


1714-74 


2743*58 


1028-86 


9-75 


926-86 


1482-98 


556-12 


1853-72 


2965*96 


1112-24 


10-00 


1000-00 


1600-00 


600-00 


2000-00 


3200-00 


1200-00 



Comparing formula [9] with [12] and [13J, and also with [14] and [15], it will be seen that 
the formulas [12] and [13], used for shafts for prime movers, give a strength 15*58 times the 
breaking power ; and the formulas [14] and [15], for shafts simply transmitting power, give a 
strength 7*79 times the breaking power. 

In applying the rules for the strength of materials to constructions in which there is no move- 



BELTS. 331 

ment, it is nimal to make the computed strength from three to five times the breaking stnin. 
Bodies in rapid motion, however, usually require a greater margin of strength, in order to provide 
for the tendency to vibration. In cases where shafting for simply transmitting power is very 
accurately finished, and firmly supported by bearings at short intervals, an excess of strength two- 
thirds of that given by formulas [14], [19], and [231 will undoubtedly suffice. In ordinary cases, 
however, the strongth given by these formulas should be adopted. 

It must be understood that the shafts to which formulas [12] and [13] are applied, are sup- 
ported by bearings sufficiently near to each other to guard against the tmnsverse strain caused by 
the prime mover or gear. 

To find formulas for steel shafts of the same strength as those for wrought iron, we have for 
prime movers p = 15'58P; substituting this value of p in [10], we have 

P = 0-016Nd», [16] 

y/ 62*5P 
from which we deduce rf = V — — . 



[17] 



Similarly, we find for steel shafts for simply transmitting power, 

P = 0032N(i», [18] 

and rf=V^5i;^. [19] 

Similarly, for cast iron, we find for prime movers, 

P = 0006Nrf*, [20] 

d = \/'^l, [21] 

For simply transmitting power, P = 0012Nd', [22] 

_ ^|3P [28] 

N 

Comparing formulas [14] and [19], it will be seen that the diameters of shafts of wrought iron 
Rud steel to transmit the same power are in the ratio of the cube root of 50 to tbe cube root of 
31 '25, or as 1 to 0'855. The weights of the shafts will be as the squares of the diameters, or as 1 
to 0*731. The power required to overcome the friction of the shafts in their bearings, assuming 
that the coefficient of friction is the same for wrought iron and steel, will be as the pzoduots of the 
weights iato the velocities of the rubbing surfaces. The number of revolutions in a given time 
being the same in both, the velocities of the rubbing surfaces will be as the diameters, and the 
weights will be as the squares of the diameters ; the power reouired to overcome the friction will 
therefore be as the cubes of the diameters, or as 1 to 0*625. That is to say, the power which must 
be expended to overcome the friction of a steel shaft is five-eighths of that required to overcome 
the friction of a wrought-iron shaft of equal strength. 

The superiority of steel to resist transversal strain is much less than to resist torsional strain. 
The relative diameters of wrou^ht-iron and steel shafts, to resist equal transverse strains, exclu- 
sive of their own weights, are mversely as the fourth roots of the respective values of E, or as 

I og.w.^^rv J ^ to ( o»^^^^^ ) ^ or as 1 to 0*98. That is to say, steel shafts, to oflfer the same 
\3500000/ \ 3800000/ 

resistance to external transverse strains, may be 2 per cent, less in diameter than wrought-iron 

shafts. The weights of such steel shafts will be about 4 per cent, less than the weights of 

wrought-iron shafts of equal stiffness ; and the power required to overcome the friction of the 

bearings will be about 6 per cent. less. 

The constant expressing the resistance of cylindrical bars to torsion, is deduced from Navier's 

formula (see *■ Bonmie des Le9ons sur TApplication de la Mecanique '), 

T = l-«^. [1] 

in which, 

T = a constant for the same material. 

W= the weight, in pounds, which, if applied at the distance R, in inches, from the axis, 
will just fracture the bar. 

V = the ratio of the circumference of a cirele to its diameter. 

d — the diameter, in inches, of the bar at the place of fracture. 
The bars subjected to torsion were finished in the form of the following diagram ; the ends 
being 2 in. square, and the middle turned down to a diameter of f in., in order tO insure the 
fracture taking place in that part of the 673. 

bar. 

The weight producing the torsion 
was applied at the end of a lever, of the 
effective length of 35*975 in., fitted to 
the square boss at one end of the bar. 
The tendency of the bar to revolve under the action of the weight, was controlled by a worm-wheel 
about 15 in. in diameter and 138 teeth, fitted to the square boss at the other end of the bar. This 
wheel could be moved through any aro by means of a worm. As the bar became twisted by the 
torsional strain, the worm-wheel was moved through an are sufficient to bring the lever to an 
horizontal position. 
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A giadnated circle on one face of the worm-wheel fumished the means of measuring the arc of 
torsion. 

The effective weight of the lever and scale at 95*975 in. from the axis, where the scale was 
hung on a knife-edge, was 48*5 Ihs., and was the least effective weight which could be applied to 
produce torsion. 

EXFEBIMEZTTS OX TOBSION. 



DescripUoD of the Bar. 



) 



English refined wrought iron, from a bar 2 in. in 
diameter, marked A, 13 

Same, marked 13 

Wrought iron, from the Pembroke Iron Works, Maine, 
marked 14 

Decarbonized steel, from the Farist Steel Company, 
Windsor Locks, Ck)nn., from a bar 2 in. square, 
marked B, 6 ) 

Spindle steel, from the same, from a bar 2 in. square, \ 
marked A, 5 

Steel, from the Nashua Iron Company, Nashua, N.H., 
from a bar 2 in. square, marked 2 

Same, marked rf, 2 

Steel, from same, from 1^ in. octagonal bar, marked 4 

Same, marked 3 

Steel, from the works of Hussey, Wells, and Co.,'1 
Pittsburgh, from a bar 2 in. square, marked E, 1 . . / 

Same, marked 1 

Bessemer steel, from the works of Messrs. Winslowj 
and Griswold, Troy, New York, from a bar 2 in. > 
square, marked 16 ] 

Same, marked 16 z 



Mean 
Diameter 

of the 
reduced 

part of 

the Bar, 

ill incbeH. 



Arc of 

Torsion 

Ja^t 

before 
Fracture. 



Weight 

pnidncing 

Frscture, 

InpuuDda. 



0*750 
0*750 
0*753 

0*752 

0*750 

0*751 

0*752 
0*752 
0*751 

0*751 

0*748 



416*8 
596-0 
641*3 

390*5 

284*3 

611*3 

557*0 
475*0 
508*3 

308 

297*3 



113*17 
125*69 
143*72 

192*48 

235*17 

198*73 

203*23 
221 
217-25 

202*66 

196*50 



0*748 268*5 



Mean 
Tempe- 
rature 
of the 
Air. 



Value of T. 



58^*8 
66-0 
62*3 

70*2 

68*3 

65*5 

63-7 
67*5 
61*2 

63*6 

68*0 



0*748 215*5 181*97 66*0 



174*50 670 



49,148 
54,585 
61,673 

82,926 

102,131 

85.961 

87,557 
95,213 
93,972 

87,661 

86,023 

79.662 

76,392 



Experiments ox Deflection. 



DeacrlpUon of the Bar. 



Diameter of 

Bar at the 

middle, in 

inches. 



Deflection, 
in inches. 



Mpan 
Tempera- 
ture of 
the Air. 



Yaloe of E. 



Spindle steel, from tbe Farist Steel Company, Wind- 
sor Locks, Conn., from a bar 1^ in. in diameter, 
marked A, 7 

Same, marked Ax7 

Decarbonized steel, extra, from the Farist Steel 
Company, from a bar 1-^ in. in diameter, marked 
AAx 

Same, marked A A 8 

Decarbonized steel, from the Farist Steel Company, 
from a bar 1^ in. in diameter, marked 9 x B .. 

Same, marked 9 B .. 

Steel, from the works of Hussey, Wells, and Co., Pitts- 
burgh, from a bar 1^ in. in diameter, marked 15 

Same, marked 15 X 

Bessemer steel, from the works of Messrs. Winslow 
and Griswold, Troy, New York, from a bar 1-j^ in. 
in diameter, marked 17 X 

Same, marked 17 



0*995 
0*977 
0*993 



1000 
1*000 



0*2330 
0*2315 
0*2310 



0*995 


0*2327 


0*992 


0*2330 


0*995 


0*2307 


0*998 


0*2337 


0*996 


0-2337 



0-2330 
0-2315 



o 
48*0 

53*8 

63*0 

53*7 
54*2 
53*3 
52*2 
49*8 

49*4 

52*0 



8,853,590 

3.847,530 

3,918,360 

3,858.557 
3.900,420 
8,892,008 
3,796,060 
8,826.641 

3,777,095 

3,801,566 



The experiments on deflection were made on round bars turned to a diameter of about 1 in.. 
The distance between the points of support was 48 in. Observations were made of the deflections 
produced by a weipjht of 150 lbs. suspended at the middle point between the supports. This 
weight was not sufiicient to cause any sensible set in the bar after the weight was removed ; and 
no sensible increase in the deflection was produced by allowing the weight to remain suspended on 
the bar for several days. 

The constant £ for deflection has been computed by Navier*8 formula, 



8 = 



6»</»E' 



[2] 
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in which 

/ = the distance between the points of sapport, in inches. 

W= the weip^ht at the middle point between the supports, in pounds. 

V '=■ the ratio of the circnmferenee of a circle to its diameter. 

d = the diameter of the bar, in inches. 

$ = the deflection at the middle point between the supports, in inches. 

Several specimens of the steel have been tested for tensile strength, at the works of the South 
Boston Iron Company, by F. Alger, in the apparatus designed by Major W. Wade, for testing 
metals for cannon, a description of which may be found in ^Beports of Experiments on the 
Btrenji^h and other Properties of Metals for Gannon,' published in 1854, by authority of the 
Secretary of War, U.S. 

EXPEKDIENTS ON TeNSILE StSENGTH. 



DMcrlplion of the Specimen. 



Diameter at 
the place 

of Fracture^ 
Id inohes. 



Weight 
jprodadDK 
^nactofe, tn 

poonde. 



Tensile 

Strength a 

■qnare inch, 

Inpoandap 



Specific 
Omvity. 



Spindle steel, from the Farist Steel Company, | 0*597 
Windsor Locks, Conn., nutrked A 10 A 1 . . . . / 

Bame, marked A 10 A 2 I 0*598 

Decarbonized steel, from the same, marked Bliy n.^og 

Bame, marked B 11 B 2 \\ „ .. | 0*597 

Decarbonized steel, extra, from the same, marked^ 0*600 

Fame, marked A A X 2 I 0*600 

Same, marked A A x ; ends upset in order to form^ ^ . ^^ 

the specimen / 

Same as next preceding specimen, marked A A x 2 * 600 

Steel, from the works of Hussey, Wells, and Co.,\' n^f^oi 

Pittsburgh, marked cl2, 1 / " ^^ 

Same, marked c 12, 2 I 0*594 



40.800 
39,500 
34,500 
85.200 
30.500 
80,900 
80,800 
29.700 
40,400 
40.200 



145,754 
140.689 
123.662 
125,750 
107.862 
109.271 
108.901 
105.053 
145,790 
145.070 



7*8401 
7-8287 
7-8583 
7-8514 
7-8417 
7-8579 
7-8484 
7-8534 
7-8530 
7-8496 



From the many experiments on the fracture of iron and steel by torsion, Francis deduced the 
following values of T ; using the above formula for cylindrical bars, and Navier's formula, 

3V2WR p3 

for square bars, in which h = the side of the square in inches, and W and R the weight in pounds, 
producing fracture, and the distance from the axis in inches at which it is applied. 

ExperimetUs by Bennie, given in the ' Philoaophical Tmnaactions of the Roycd Society for 1818.' 

Bar of English wrought iron, 0-25 in. square T = 65,982 

„ Swedish wrought iron, 0*25 in. square T= 61,909 

„ shear steel, 0*25 in. square T = 111,191 

Average of 3 bars of iron cast horizontally, * 25 in. square . . T = 64 . 776 

ExpertmentH given in the Fifth Edition of ' HasweWe Engineer^ and Mechanict^ Pocket^Book^ 

Bar of Ulster Iron Company's wrought iron, 1 in. diameter .. T = 87,090 
„ Swedish wrought iron, 1 in. diameter T = 93,965 

Experiments made at the Boyal Gun Factories^ Wooltoich, England, on many Varieties of Cast Iron, 

Parliamt^ntary Document^ July 30, 1858. 

Experiments are given on fifty-one varieties of British cast iron, besides several varieties ttom 
other countries. Francis selected the experiments on four varieties of British iron, namely, the 
strongest, two of medium strength, and the weakest ; each result being deduced from a mean of 
several experiments on bars about 1*8 in. in diameter. 

From West Hallam Iron Works, Ilkeston T = 88,217 

„ Netherton Iron Works T = 34,490 

„ Butterley „ T = 33,949 

„ Haamatite Iron Company T = 22.132 

Experiments made at the Fort Pitt Foundry ^ in 1846, on bars of different forms and dimensions^ of 
Common Foundry Iron, given in ' Reports of Experiments^ ^c, aboive cited. 

Bar about 1 in. square T = 36,846 

„ 1*415 in. square T = 34.443 

„ about 1*749 in. square T = 42.821 

„ 1*135 in. in diameter T = 37.445 

„ 1-595 „ „ T = 42,047 

„ 1-955 „ „ T = 38,851 
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Experiments made at the West Point J'oundry^ in 1851, on Greenwood Iron df dijferent grades^ m%xtwret^ 

and fusions, given in * Reports of ExperimentSy* above cited. 

Mean deduced from eighteen experiments on burs about 

1-9 in. diameter T= 44,957 

The value of E, for wrought iron, we hare prenoualy deduced 
from English experiments, and tested oy a single experi- 
ment on a shaft 2 in. in diameter and about 180 in. between 
bearings. From these experiments we find E = 3,492,539 

There being such g^reat irregularities in the values of T, it will not be safe, in practice, to take 
a mean value, but one near the lowest value. 

The values for wrought iron vary from 49,148 to 93,965. 

For safety, we take for wrought iron T= 50.000 

The values for steel vary from 76,392 to 111,191. For safety, 

we take for steel T= 80.000 

The values for cast iron vary from 22,132 to 64,776. For 

safety, we take for cast iron T= 30,000 

We also take for wrought iron E = 3.500,000 

And for untempered steel E = 3.800.000 

Shafts for transmitting power are subject to two forces, namely, transverse strain and torsion. 
In shafts of wrought iron or steel, in which the bearings are not very near to each other, a trans- 
verse strain, too small to cause fracture, will produce sensible deflection ; if this is too great, it 
will produce sensible irregularities in the motion, and tend towards the rapid destruction of the 
shaft and its bearings. This limits the distance between the bearings, as the weight of the shaft 
itself will produce an inadmissible amount of deflection whenever this distance exceeds a certain 
amount, which varies with the material and diameter of the shaft. 

The deflection of a cylindrical shaft from its own weight, supported at each end, but discon- 
nected from other shafts, is given by the formula [41 which ia deduced from Navier's formula for 
the deflection of a cylindrical bar. See ^ Journal of the Franklin Institute * for February, 1862. 

« = 0007318^. [4] 

If the several parts are so connected as to be equivalent to one corrfUnuons shaft, it will corre- 
spond to the case of a beam fixed at both ends, for wnich case Barlow gives 8 equal to two-thirds 
of its value in the ease of a beam supported at both ends, given by formula [4]. Navier, taking 
into account the effect of the deflection m the adjacent divisions, flnds 8 equal to one-fourth of its 
Vidue by formula [4], In order to decide which of these authorities to follow, f^ancis appealed to 
experiment. 

Experiment 1. — A bar of wrought iron purchased as ** English refined,** 12 ft. 2| in. long, 
0'367 in. deep, 1 *535 in. wide, was supported at four equidistant points, 4 ft. apart. When loaded 
at the middle points of each division with 52 lbs., the deflection hi the middle division was 
0*069 in., and the mean deflection in the other two divisions was 0*371 in. The weight on the 
middle division was then increased until the deflection was alike, namely, 0'281 in. in each 
division; the weight being 82*84 lbs. in the middle division, and 52*00 lbs. in each of the other 
divisions. Four jfeet was then cut off of each end- of the bar, when the deflection, with 82*84 lbs. 
on the middle division, was 1*102 in. 

Experiment 2. — A W of iron of the same qualitv and length as in Experiment 1, 0*551 in. 
square, was laid on the same supports. When loadea at the middle points of each division with 
52 lbs., the deflection in the middle division was 0*058 in., and the mean deflection in the other two 
divisions was 0*814 in. The weight on the middle division was then intireased until the deflection 
was 0*241 in. in each division; the weight being 82*84 lbs. in the middle division, and 52*00 lbs. 
in each of the other divisions. 4 ft. was then cut off of each end of the bar, when the deflection, 
with 82* 84 lbs. on the middle division, was' 0*984 in. 

In the case in which the deflections were aUke in the three divisions, the middle division cor- 
responds to the case of a continuous shaft supported by numerous equidistant bearings ; and the 
case where the bar was reduced in length, corresponds to that in formula [4]. Comparing the 
deflections in the two cases in the above experiments, we flnd by Experiment 1 that the ratio of 
the deflection of the shaft, simply supported at each end, to that of the continuous shaft, is as 1 to 
0*255. In Experiment 2, the corresponding ratio is as 1 to 0*245 ; the mean of the two experi- 
ments giving a ratio of 1 to 0-25, which agrees with Navier, and we must adopt for the deflection 
of a continuous shaft, from its own weight, the formula 

a = Jx0*007318 ^. [5] 

These experiments indicate the effect of connecting the chords of truss-bridges over the 

Kiers. Assuming that in a bridge of not less than three e<}ual spans, the top and Iwttom chords 
ave equal resisting powers, and the whole length of the bridge is uniformly loaded, if the chords 
are continuous throughout the whole length of the bridge, the deflection of any span, except the 
end spans, will be one quarter of the amount that it would be if the chonls were disconnected at 
the piers. 

The matest admissible value of 8 in proportion to the length must be determined by expe- 
rience. Tredgold assumes that, for cast iron, it might be 0*01 in. for each foot in length, or 
j^jm Vf^ ^^ *^^ length, whatever may be the diameter ; but the transverse strain to produce this 
deflection is a greater fraction of the transverse strain that wiU produ<Je fracture in a large shaft 
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than in a small one. The maximum Btrains of extemiion and compression in a shaft, for the same 
deflection, are in proportion to the diameter, while the deflection itself, from the weight of the shaft, 
is inversely as the square of the diameter; consequently, the deflection, to produce the same 
Tna.'giTif^^ini gtrainB, must be inyersely as the diameter. 

Adopting this principle, and the assumption that a shaft of wrought iron or untempered steel 
2 in. in diameter may deflect from its awn weight 0*01 in. a foot in length between the bearings, 
Vie may determine the greatest admissible distances between the bearings of shafts of other 
diameters, as follows : — 

The greatest admissible deflection for any diameter d^ is 



8 = T^Jr-, = 000167 j 
1200 c/ d 



Substituting this value of 8 In [5] and reducing, we have 

/ = i/0^2SdB. 



[6] 



[7] 



Table of the Greatest Admissible Distances between the Bearings of Ck^NTiNuors 
Shafts, subject to no Transverse Strain except from their own Weights; computed 
BY Formula [7]. 



Piameter 

of SllAft, 

in incfaea. 



Dbtanoe between Bearings, 
in feet. 



"'^'iJS'*** ' IfofSleeL 



1 
2 
3 

4 
5 
6 



12-27 
15 ^(J 
17-70 
19-48 
20-99 
22-80 



12 

15 

18' 

20' 

21 

22 



61 
89 
19 
02 
57 
92 



Diameter 
of Shaft, 
in inches. 



7 

8 

9 

10 

11 

12 



Distance between Bearingi, 
in feet. 



If of WroOBhl 
Irun. 



If of Steel. 



23 
24 
25 
26 

*27 
28 



48 
55 
53 
44 
30 
10 



24-13 
25-23 
26-24 
27 18 

28-05 
28-88 



In practice, long shafts are scarcely ever entirely free from transverse stntins. However, in the 
parts of long lines which have no pulleys or gears, with the couplings near the bearings, the interval 
between the bearings may approach the distances given in the table. Near the extremities of a 
line, the distances oetween the bearings should be less than those given in the table. The last 
space should not exceed 60 per cent, of the distance there given, the deflection in that space being 
much greater than in other parts of the line. In shafts moving with high velocities, it will usually 
be necessary to shorten the aistances between the bearings, as given in the table, in order to obtain 
sufficient bearing-surface to prevent heating. 

BELTING, Chain. Fr., CeirUure de chaine; Oer., KettenseiL 

Ciissoid's chain betting, Figs. 674, 675, 676, 677. This belting is composed of iron links of a 
peculiar shape, an enlarged cross-section of which is shown in Fig. 677. The links are coupled by 



•74. 



•76. 



•?•. 




•77. 




pins, as shown in Figs. 674, 675, 676 ; each alternate is formed with sockets, in which pieces of hard 
wood, bevelled at the ends to fit the pulleys, are inserted. It may be observed from the detached 
section, Fig. 677, that the shape of the groove in the pulleys is such that the belt is clipped 
between the sides, and a firm hold is obtained. Chain-belts of this kind have now been in use for 
several years, some of them running at a speed of 1700 ft. a minute ; they have been found durable, 
whilst they work smoothly and without slip. 
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John Fielden's cast Unb^ohain U shoim in Fi^. 6TS, C79. This cLain shows that John Fielden 
has much ingonuitr ; it ia tbe only faultless cast link-chaia whtc^h has fallen under our notice. 

The chain-wheel Toiind which the chain, Fij^s, 678, 679, majr be moved, is given in plan and 
aectioQ, Fig. GM2. It has been found that the chain trorks beet when there is a flat web passing 
from tooth to toolh, as shown 
In the plan, Fig. 682. Many 
of these chains, made of malle- 
able ca«t iron, are sucoesefuUy 
tued in the woollen -mills of 
Lancashire and Yorkshire, 

The Fielden chain, mnde 
of cast brass, is much in use in 
dje-works. One of the chief 
pecnliarities of this chain is, 
that it nnnot come uncoupled, 
no matter whether the chain 
be slaeh or tight when at 
mik; and yet, a workman 
once shown how, may micouple 
or recouple it in a very short 

The chain is easily eonpled 
tomther by oonunencing at one 
end, and keeping all the links 
with lip in one direction when 
on the plates, as shown in 
Figs. 678, b79. 

For the method of oncosp- 
ling, see Figs. 680, 681. 

Set tbe links 2 and the 
links 5 at right angles to tlie 
plates 3 and 6. Place the ends 
of plates 3 and 6 together, as 
shown m Fig. 6g0. It will now 
be found that the lip of links 1 
can be pushed forward into the 
hollow aide of linlfH 5. 

The links 4 will then open 
over the ears of plate 6, so Uiat 

C' '» 3 may be removed away. 
Fig. 681. 

Tbe links i may now be 
put back into their respective 
places upon plate 6, then 
turned roand and be easily re- 
moved from plate G. 

BENCH. Fb., iftaUi ; Gut., mMbattlt ; Itu., Banco da faUgname ; Span., Banco. 

A bench is a table on which carpenters, joiners, and others prepare their work. It is nnally 
bom 10 ft. to 1« ft. long, 2 ft. 3 in. wide, and 2 ft 8 in. high. 

The carpenter's bench Is furnished with a screw-boam A, Fig. 683, which holds the bench- 
Tloe B and tbe beaoh-pin C. The Tice oondsta of a oheek, having a screw E working into a nut 





fixed at the back of the screw-board, end a guide F, The bench-pin C is made to fit tightly into 
holes placed at different elevations in the screw-brard, its use being to assist the bench-vice in 
retaining the board whose edges are about to be planed, or, as it is technically termed, ihol. 

On the top of the bench is the bench-stop 6, whirh is a piece of iron made with teeth to catfh 
in the end of the piece of wood to be worked, and prevent it from being pushed forward by the force 
of the plane. 

Bench-liBoi, — A movable pin, passing through a mortice in the top of the bench, for preventing 
the stufi' bom sliding while being wrought by the plane. 

BENCH-UAKEB. To., Bepire ; Qsb., Merkzeicim ; Itm.., PuiUo di paragona ; Span., CMoi iI( 
referencia. 

Bee Bailwat Ehoineebiko. 
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BEXD. Fb., Tayau eirudf; Gm., Kniemhr; Ital., Gomlto. 

A piece of cnrvtid pipe connretinf; two straight portions ia desijinBteii a bend. 

BarthoDware or BtooewRre bends lire iiauallj doable the pri(« nf n Blrai;;ht piece of the BKtnfi 
jength. The prioe of nut-iroa bends is nleo incrcaaed, owing to the pettern being more costl?, nnd 
in mciBt (Nuea, having to be speriftlly m»dp. 

Wroiight-iroD pipes can be bent while cold b; filling them with lead, and afterwuds melting 
ft out by heoting the pipe. 

BERM. Fa., Berme; Oiai., Bern, WiJlahtatt; Ital., Banchina; Span., Btrmn. 

See FoBTincATioN. 

BETON. Fr., Biton; Gib., OmwfmffrW; Ital., CaUrilmto; Spas., Hormigm. 

See CONCBBTB. 

BEVEL OB BEVTL. Fr, Angle qui n'ett pat droit; Gm., Spilzer orffr- Mtumpffr WinM; 
Ital^ Smutn; Spas., Omfian. 

A bevel in maaoniy or brickwork is a sloped or eantfd piano snrface. 

Afij an^e except one of 90° ia caltpd a herei-anqle. See HAND-ToOLa. 

BINDERS, OB BINDING JOISTS. Fb., JVnoon, chmtrau; Geb., UnUrmg, Mittelbalim ; 
Sl-AM., Tmm-eyu, tirantet. ^^ 

See JoiffTS. '" 

BIRD'S MOUTH. Fb., JoM m bitean, .M'-tmf en Oealfi Ger., Keiliteij; 
Ital., Commettitura ahKco d'uecelio ; BpAM., Picolete. 

BiriTM Mouth, — A notch cut at the end of a piece of timber, as Fig. fiS4. 

In bricklajring, a notch cut in a brick to adapt it to any internal angle 



« le biiaiit ; Oeb,, Bitqait 




a bird'a month. 
BISCUIT MACHINE. Fb., Machi 
Miachine ; Ital., Macchtnn da hiscotti. 
See BHEAD-HAsiNa MAcnniEBT. 

BISMUTH. Fs., Bismuth; GeR., Wigmutk ; ItU.^ Bitnmlo ; SpAtl., Bimuto. 
Biamnth ia a lare metal, but its distinguished qnalities are that it ia very fusible, and causes 
other metala to become fusible also. Like antimony, it ts very brittle, and of a l>rilliant lustre : its 
cnloni is while, tending to ficsh-eolour. It melts when pure at 480°; it may be distilled in n floae 
veaael, and then crystallizes in lamina. Water being put = 1. its specific gravity is 9'S3, which 
ni»y be increased to 9'9S by hammering. Bismuth is peculiarly snitable for castings, as it ex- 
p«nds in the act of cooling, which rendcTB it peculiarly suitable for eastings. 

Ores of Bimitith. — There are many minerals which contain bismnth, bnt they do not often 
occur in such quantities oa to mnhe the extraction of the metal profitable. The metal is not very 
Taluable. and, notwithstanding its scarcity, it ia aold at a low price. It occurs native, and is then 
easily obtained. Native bismuth is found in Monme, Ct., where it ia associated with wolfram, 
fifalena, blende, and quartz ; also in Chesterfield, South Carolina ; and, of course, in many localities 
of other parts of the world. Sulphuret of bismuth occurs at Uaddam, Conn. The carboDste 
g,y is found in the gold district nf Cheaterfield. South Carolina ; and the anlpboret 

1 Ir^il :iiirl rnpprr. nl T.n^i-i- lr:iil mines, in Maine, Telluric bismuth eiiats 
M . , ■■ \' , ■ ,.,,| North Carolina, U.S. AU the metal in 

■ I ■ I ■- iii! i:ii. I ,i'.i, i-r i ■ III :vrly from cobait-apciBe, at the smalt worts 
(^kniiiiny. Thii< ri.-)iii!uiiiii, tr><rii which also nickel is extracted, containa 
the aveia^ 7 per cent, of bi^imith. 

Allays of Bitni«th.—T\ie coniimiiiids of bismnth are diatiogniahed by fusi- 
bility, at a lower dc^^reo of hent, tinkti tliose of most other metala. Eight parts 




Two biamnth. 1 lead. 1 



of bismuth, 9 of lead, and 3 of tin, melt a 

melt at a little lower hcnt. Tli<.' mlJition of mercury increasee the fuaibility 
of these alloys. One bismuth, 2 tin, 1 lend, 
ia soft solder for pewter. Cliche for ste- 
reotypes are oompoeed of S lead, 2 tin. 
5 bismuth thia alloy melU at 109°. 
45 5 bismuth, 285 lead, 17 tin, and 9 
mercury is an alloy for plugging teeth ; 
it fuses at 149°. An amalgam of 20 bia- 
mutli and 80 mercury is oaed for silvering 
the mterior of glass globea. Like anti- 
mony biamnth forms an alloy readily 
with the alkaline metals. Its aSlnity for 
very weak, like that of phos- 
phorus both of these subatancea may be 
evaporated from the hot metal almost 
pnlirely All its comnounds with pre- 
eioua metals are very brittle. Bismnth 
bos been proposed instead of lend for re- 
fining silver: but the experiments per- 
formed with it were not satisfactorj. A 
" if tin and bismuth ia stronger, 

_ _ _. I more sonorous than pure tin ; 

~ '^ -^ - ' — gnd for these reasons it ia added to 

pewter. An alloy of equal parts of lead and bismuth is heavier than the mean density of the two 
metals, it being 10 709 

Unci. — Bismnth la sinreely used alone it is chieflv 
alloys. Beaidea the aliovc mint cincd applirattons it is m 



employed for imparting fusibility b 
ed m th albys of which safety-plnte: 
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and pings in steam-boilera are made. Its oxides are used as cosmetics ; also as paints, and printing 
colours. 

Manufacture, — The operation of smelting bismuth is extremely simple ; the metal having but a 
weak affinity for other substances is obtained by simply heating its ore. The cut, Fig. 685, shows 
a modem liquation furnace, by which the metal is obtained. A is a cast-iron retort, at the 
highest part of which the crude ore is charged ; B shows a cast-iron bowl into which the metal 
flows. About half a hundredweip:ht of broken ore is charged in each retort, of which there are 
four in a furnace side by side. This quantity nearly half fills a retort, so that the npper part of it 
is empty. The lower end of it is closed with a clay plate, or slab, provided with an aperture for 
the discharge of the melted metal. The pipes, when properly ignited, soon cause the metal to flow 
into the dish B, which contains some charcoal-dust. By applying a brisk fire and some stirring to 
the ore, all the metal contained in it is obtained within half an hour. The residumn of the ore is 
now scraped out of the retort into a trough with water, and the pipes are filled afresh. About a 
ton of ore is smelted in a day of eight hoiurs. The metal ia remelted, cast into iron moulds in the 
form of ingots, and is now r^tdy for the market. 

The metal thus obtained is not pure ; but it may be purified by remelting in a fiat earthen, or 
rather a bone ash-dish, at a low heat, removing the dross as it appears on the surface of the metal. 
It is advisable to melt the metal thus obtained in a purer form in a blacklead pot, and then cast it 
into the mould for ingots. Bismuth cannot be freed from silver by these means, in consequence of 
which the article of commerce always contains some of that metal. The annual production of this 
metal amounts to nearly 19,000 lbs. 

BITS. Fb., Bates; Ger., Groase Beting; Ital., Bitte. 

8ee. Augers, Bbaces, and Bits. 

BLASTING. Fr., P^tardement; Geb., Sprengen; Ital., Minare, 

See BoBiKO and Blastinq. 

BLAST FURNACE. Fb., IbutTieau a courant cTair forc€; Gm., Schachtofen ; Ital., Fomo ad 
aria forzata. 

Furnaces are classified as voind or air furnaces when the fire is urged onlv by the natural draft ; 
as blast furnaces when the fire is urged by the injection artificially of a foroible current of air ; and 
as reverberatory furnaces when the fiame of the fire, in passing to the chimney, is thrown down by 
a low arched roof upon the materials operated upon. 

In general terms, a furnace is an enclosed place where a hot fire is maintained, as for melting 
ores or metals, for warming a house, for baking bread or pottery, or for other useful purposes ; 
as an iron furnace; a hotnetir furnace; a glass furnace; an engine furnace j and the like. See 
Furnaces. 

The right construction and suitable arrangement of blast furnaces for either hot or cold blast 
are of considerable importance in the smelting and numufacturing of iron. 

Smelting is an operation which is performed in the blast furnace, as it is termed, because of its 
size and auxiliaries. In it the separation of the metal from the ore depends on the presence of 
heat, carbon, and the condition that the metal is heavier than the oxidized substances which 
form the slag. Blast furnaces are used exclusively in America, for smelting fluid iron, and mostly 
grey iron. In some parts of Europe a lump of 
solid iron is formed in the hearth of the furnace. 
But this is an expensive way of smelting iron, 
and not proper for imitation. 

Fig. 686 shows a vertical section of a modem 
blast furnace. These furnaces are from 25 to 
50 ft. high. In almost all instances, the bulk of 
the mason-work is constructed of rough stones. 
Sandstone is preferable, but any kind may be 
used except limestone. The furnace itself forms 
a pyramidal mass of masonry, commonly as wide 
at the base as the height from the floor to its 
mouth. The interior of the furnace is formed of 
fire-proof material, the lower parts of sandstone, 
and the upper of fire-brick. The lower part, 
marked h, forms the crucible, or hearth, at which 
is the strongest heat, and where that part of the 
ore which has not been smelted in higher parts 
of the furnace is melted. This part is most 
commonly square, its sides are from 20 in. to 6 ft. 
wide, and it is never less than 5 ft., often 8 ft. 
high. The stones of which they are built in 
America are exclusively sandstones, while in 
Emrope we find them constmcted, not only of this 
material, but also of granite, gneiss, and even 
limestones ; the latter, however, are becoming £ 
rare. Above the hearth A, the furnace widens 
rapidly and forms a gentle slope, 6 the boshes, 
where the furnace is gradually converted from a 

square to a round form. At the top, or widest part of the boshes, which varies from 8 to 18 ft. in 
diameter, the horizontal section of the interior of a furnace is a perfect circle, which is continued 
up to its mouth. This round part of the furnace is most generally formed of fire-brick, but in some 
instances of sandstone or shale. It has the form of an inverted cone, in which the sides are more 
or less curved. This part of the furnace, marked i, is termed the in-wall or lining. All those 
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pkrti below the lining are solid itonea, and clowly joined to the TonRh mils. The lining itself is 
not close to the rou);h wall; there ia s space between marlieil ', from G to 8 in, wide, filled with 
broken stones, or broken fumace-dlsee ; theae are lonae, so as to sdinit of an independent motion 
<tf the in.wnll, which is for these reaaona made of Hre-briRk. 

Kongh stones eipand and contract more than flre-bripk, and are more liable to frantnres; and 
BS injury to the in-wall ma? cause eerious losses, the safest plan is to qbs good fire-brick for its 
constmctinn. The bricks eu« generally moulded in the proper manner for forming; a circle, and 
tve from IS to 18 in. in length, which size decides the thickness of the in-wall. The in-wall rests 
on the rough wall of the stack, and ia in many instances supported hy heavy caat-iion beams, which 
form, in the meantime, the tuyere arches. The mouth of tiie furnace is. in some instances, very 

n others wide; this depends on the riie o[ the fnmace, kind of ore, fuel, blast, and 

Knt. The diameter of this throat varies from 20 in. to more than 10 ft. In the majority 
a the mouth is provided with a cast-iron cylinder, which forms the throat. This cylindet 
receiver the cold material, and is thus prerented from melting, or from injury. The top of the 
fnmace is generellj crowned with a chimney, c, as wide, or somewhat wider, than tlie mouth of 
the fonisce : it is provided with one door at small furnaces, aud with several at large furnaces. 
Tbtough these doors the smelling materials are charf^tnl. 

At the lower pert of the furnace may be seen arches, or recesses in the masonry of the stack. 
These are formed by dividing the basis of the furnace into four piers, aa shown in Pig. GS7, and 
are called side arches, H II, and back arch. F and work arch, Q. These recesses are generally 
covered by semicircular bnck archea in few instances they are formed of cast-i/on beams. The 
arches are from 8 to Iti ft wide according to the size of the furnace. At la^e furnaces, a commo- 
nication between these arches is effected by a gangway, 1 1 1 1, piercing the piers. The front or 
work arcb often called tymp-arch shows that the crucible is open here: the discharge of the 
metif and slag is prevented by the dam-atone K, which is of a triangular section, bedded in flre-clay 




npon the bottom stone, L is the tynip-atone ; it forms, by being raised from 15 to 24 in. above the 
bottom stone, the aperture for the discharge of the smelted matter, and affords ample space for the 
removal of any obiitructiona which may happen to be formed in the hearth. There are some pecu- 
liarities in the relative position of dam-stone and tymp, which we shall point out hereafter. The 
tymp as well as dam-slooB are covered with a heavy cast-iron plate, to prevent their being 
injnjed by charging beat. From the top of the dam a gentle slope is formeil for the discharge of 
slag which Boats contiuuaQj from the furnace. At the base of the dam-stone a small aperture — 
the tap-hole — is formed by catting a part off from this stone before it is bedded. 

In Fig. 688 an enlarged view of the hearth and boshes is represented, which presents aU their 
parte more distinctly. It shows the principal joints of the hearthstones, and the manner in which 
the boshes are farmed. These are, in small fumacea, constructed of a mixture of clay and sand, 
and in Isjgo charcoal, anthracite, and coke furnaces, either of fire-brick or of sandstones. 

In the plan here represented the furnace is provided with three tuyeres, T. The blast pipes 
are conducted from the blast machine under the bottom stone of the hearth, and branches from it 
are led to the tuyeres. Bmall charcoal furnaces, which smelt from 20 to 25 tons of metal a week, 
work by one tuyere from one of the aide arches. Jjjge charcoal furnaces are worked by two 
tuyeres on the opposite sides: while anthracite or coke furnaces generally have three, and some 
five or six tuyeres. Conducting the blast pipes under ground, it lias advantages in respect to 
saving room, but it causes vexation in case any accidents happen to them, which often occur by 
using hot blast. It affords, however, in the meantime, the security of a dry bottom stone, which 
is of great value at any furnace. If the blast pipes are thus conducted under the hearth, they 
should be placed in a spacious channel, so tbal necessary repairs may bo effected at any time. 
The bottom stone ia laid npon a strong cast-iron plate which covers this channel. 

The rough walls of a furnace may be erected with little lime mortar iu the joints; in fact, 
roughly-laid stones appear to form the best stacks. When the masonry is well joir"^ -"'" "" ' 
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adheres tenftcioiuly to any aatotay. to all inatanceg, a stack maj bo oiected of beim itcncs, 

briekB, or ore, nmghljr put together ; but ft well-arrangeil ayfltem of iron bindora U required to 

prevent a wraration of the maaon-work in conaequonco of the ever-active eipanBion and coQtractirai 

of the building materials. Tbo mode of affliing these iron binders, or lies, ia indicated in tha 

various drawings ; and more particularlj in Fig. 689, which presents a horizontal section through 

the widest part of the boahee. The particulars respecting the ta», 

ftrrongement of these ties are subject to the discretion of the . _i_ 

builder; but «e maj remark that there never can bo too many , 

binders in a stack. A large number of light bars is preferable 1 

to a small number of heavy ones. These binders ate wrought 

iron, generally square bar« from 1} to ti in., provided with kuys 

at both ends, in preference to screws and nuts, which are not 

olten used. Each end of a binder is also provided with a large 

cast-iron washer, which oovera the channel an well as the stones 

nearest to tbo binder. As we have said, tbe form of these 

binders is generally that of a square bat; but a Sat form of 

bars is preferable. These binders are locsted in epacious 

channels, so that they may be taken out and mended in 

any of them break. 

The furnace represented. Fig. 686, is located near the side ■ 
of a steep hill. Tbe bill and funmoe are then connected by a 
bridge, constructed of wood, or in some inttancee of stonea, or 
briefs. Upon this bridge a li^t building, tbe bridge-house, is erected, which serves as a store- 
house for fuel, ore, and nui, si^cient to feed the furnace for one or two days. Dry stock is thus 
Ktected against nin or snow. At large furnaces, no such use is made of the bridge-house, 
auBc it would require to be of too large dimensions. When a furnace is erected on a level place, 
or when no advant^es can bo obtained by locating the stack near a hill, which is decided by the 
mode of supplying the ore and coal, theee materials are hoisted by machinery into a lower. Wheel- 
barrows, whioh contain the smelting materiahL are pushed npon platforms and are raised by chaini 
to the top of tbe furnace. In Fig, 690 sQcb an amngement is represented. Tbe tower N is 





generally erected of strong timbers, and its top connected with that of the fnmace by meatia of a 
wooden bridge. A platform is made, which forma in the meantime a cassoon, for the reception of 
BO much m&r as wul balance the Imd of ore, or oubI. Two ench platforms are suspended on a 
■trong chain, over a rope-barrel, and when the lower platform is loaded, a current of water ia 
conducted by means of leather hose, into the box, or casaoon, which forms the upper platform. 
When the amount of water, which flowa from a reservoir placed at tbo top, together with the 
empty barrows, is beavior than the loaded platform below, the water is shut off, and the loaded 
platform ascends, while the empty one descends. When the cassoon with water arrivee beneath, 
tbe upper platform is locked, and the water below is discharged by a self-acting valve, into a drain 
below the level of the floor. The rope-barrel is provided with a strong brake by which to arrest 
the machinery, in case an accident happens to any part of it. 

This machinery for hoisting is convenient, inasmuch as tbe power to set it in motion is easilr 
applied, and always at tbe command of tbe workmen, providod the cistern is always supplied wiUk 
water. At the furnace here represented tbe hol-blaat apperatua is placed at the top. The cold 
blast is conducted upward, and tlie hot air down to the tuyere. Under this arrangement consider- 
able pressure in the blast ia lost, which may be in some mensnre modified by employing wide 
pipes. At most fumacca which have Iwen reeenliy erected, both hot blast and steun-boilera. 
wfiich supply tbo blast-engine with Hteani, are located on the top of the furnace. For these 
rcHsons tlic area nt the ti>]i is enlnrgcd. The furnaces are thus made more massive, consequently 
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iheie fBlenlaaaof beat bj radiation from tho furnace, and room for a Ihi^ montb, Thebot-blast 
appaxstng U, in tliese matancea, located behind the steam-boilora ; it receives the waste hent vhen 
it baa passed tho bailers. In some instancea the top flame is divided, and partly led onder the 
boilers and partlj into the bot-air stove. 

Whatever may be the dimensions of a furnace, or whatever kind of fnel or ore is used, the work 
is more or leas modifled bj local circumstances. Wben a fumaee is newl; built, or bas been out 
of blast, or has a new hearth put in, a alight flro is at first kindled at the bottom whUe the dam- 
atone ia wantine. Id order to protect the hearthstone a^nst the immediate contact of a strong 
heat, it is lined with oommon bricks, which prevents the fiyme of theee stonea. The apertnre 
formed by the tjmp. bottom stone, aod side stones, is walled up by common bric](, and only a few 
small apertures adjcit of air for combustion. The hearth and stack are thus slowly dried, which 
may require from three to ten days. When the hearth has been for some days thoroughly warm, 
the biidi lining is removed, and it is filled to the top of the boshes with either charooni, eothracite, 
or ooke, whichever may be the combustible used for smelting. The tymp is open, in case the 
hearth is warm and dry ; but when any doubt exists as to its being dry, ashes or sand is thrown 
on the coal in the tymp to prevent a rapid flre In order to remove clinkers which may be formed 
in the hearth, it is cleaned every twelve or twentv four h( ura and when the heat is strong, or an 
early atarting of the furnace is oont^mplated a grate ts formed by mcana of nngers — long iron 
bars— as abown in Fig. 691 Thus a strong 
draught is pmduced, a rapid combustion ensues, 
and the heat is augmented If these bare are 
withdrawn after fifleen minutes or half an hour's 
time, the hot coal, descending ou the clean hearth 
atones, will heat them thoroughly and prLjnre 
them aa well aa the bottom stone for the rectptiou 
of hot metal. One day, somctimv tnti or three 
days' heat, which time may be shortened by the 
repeated formation of grates, will prepare the 
hearth ; the fuel has been, all this tune held as 
bigh as the boshes. 

When thus far heated the furnace may be 
charged with ore. In small charcoal furnaces the 
coal is generally filled higher than tho boshes 
but in large onea, and those which are thoroughly 

heated, there is no need of having much fuel. The furnace is n ... 

with ore and coal ; the ore amounts to only half of a full charge, but the measure of 
the same. These ch^es are not made in rapid succession, but the flame is allowed to become 
visible on the top of the last charge before another is filled. The furnace is thus slowly fed by 
alternate charges of ore and coal ; and, in order to facilitate the ascent of the gases, coarse coal is 
selected ; or, when charcoal is used, brands or wood are mixed with the ooal. When full to the 
' very top, the furnace is ready to reci'ivo blast, and not sooner. Some founders usoally let on blast 
before a furnace is quite full. This is imprudent: it causes disorder from the start. When the 
furnace is thus filled, the ore is drawn down by repeated gratings, which are so managed that the 
bottom is properly heated. When the first signs of slag or iron appear at the tymp or the tuyerea, 
the bottom is once more cleared of all adhering cinder, the dam-stone put in its place, and the 
dam-plate bedded in clay npon it. A large coal or coke, or, what is better stilt, a mixture of fine 
damp cool and a little clay, is filled into the tap-hole; a stopper, or at first only heavy dust, 
is filled under the tymp, and the blast put on. At the Diat, only weak blast is uaed ; in fact, for 
the next two or tlm« weeks the furnace does not receive full blast, in order not to injure the new 
hearth and tn-walls by a too sudden and strong heat. A furnace is stouter with about half the 

tressnre which it will take, and that gradually increased in tho course of Borne weeks. A few 
ours' blast wiU raise the fiuid cinder to the top of the dam stone tho blast mav now be slopped 
for a few minutes, the hearth tried hy a light l)ar as to cleanlineBa an i if fjund tree from clinkers 
or cold alag, a light stopper is formed of clay and coal-dust «»] 

the tymp ahut, and the blast let in again. The melted iron . 
ac^iumu&tes now at the bottom of the hearth, and the slag ' | 

runs over tlie dam-plate and is carried away. The furnace 
of course, is perpetually filled with coal and ore, so that the 
materials are idwaya level with the top. It must lie a 
standard rale never to blow a furnace by b>w slock no 
matter how it works : it must be full. In cases of imminent I 
danger of chilling, a sinking of charges is eicueablt. but 
only to be refilled by dead charges ; that is, coal without ore 

It will reqube, according to the kind of fumsct from — 

twelve to twenty-four hours to fill the hearth with iron 

If possible, the iron ought to oome near the top of the dam, , 

before the tap-hole ia opened for the first time. The tap- ^ 

hole is generally at tho right-hand side in the tymp-arch 

near A, Fig. ^2. A channel, — run, — dug in moulding 

send, conducts the iron to the pig-bed, B, where the pig* 

are previously moulded into sand or coal-dust, or dust of 

anthracite or ooke, by moans of wooden patterns. Running the iron into 

practised. It is confined to only a few furnaces near Baltimore. If the ir 

pool ia quite full, tho hearthstones Iwlow tho tuyerea are liable ti 

cinder, which may cause serious vexation. Such dry cinders o 




n chills is not much 
is tapp^ tiefore the 
be coated with a dry, tenacious 
o cold, white iron, and may 
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occasion the Treezing of the iron in tho bottom. When the i>^ 
the blaat is slaked, or stopped, the clinkers and oold ciiider lec 
and Band placed under tho tymp, and the blast put on again. 

The first iron made should always be grey iron ; for these reRsons the ore charges are light 
An increase of ore mnst be made Rradnallj and very slowly, proceeding nith the greatest caution 
as to the increase of burden. White or mottled iron, in the first week of a blast, ta an indication 
of Btnflblding the furnace. The fluid cinder thus formed is liable to adhere to the in-walla and 
cause tronbleeome concretions. When grey iron ia smelted the cinder a not rery fluid, and may 
descend into tlie crucible before it becomes stick;, where the heat is strong enough to remove it ai 

The tymp-arch is divided into two parts, as shown in Fig. G3S. Tho mn for the Quid imn is 
as much lower than the part C in the middle as the height of the dam-stone. C forms somewhat 
of a slope, falling from the dam-stone gently. At the left-hand side are two cavities, into which 
the cinder runs alternately. About a ton of it is necessary to fill such a cavity with slag. A 

Siece of pig iron, or any other iron, is set vertically into the centre of tlie empty cavity, the cinder 
ows around it, liy which it is firmly held, and, when the mass is nearly cold, it noay be lifted by 
means of a crano located at D. It is deposited on a horse-cart, and carried away. The slope C is 
separated from tho run A, and from the slag-trough, by cast-iron plates, set so clnse to both sides 
as to afford only aoffioieut room for either the iron or tho slag to be removed. The room, or slope, 
thus formed, is necessary for the fumace-mcn to stand upon and work the furnace. In order to 
make this space as large as possible, tho tymp-arch ia considerably larger than the tuyere-arch. 

Having thus far given a general description of a blast furnace, its construction and mode of 
operation, we will now take notice of some of its most important pnkieulars. To commence with 
the bottom stone. Tliia part of the furnace should be particularly dry, and, if convenient, even 
warm. A cold or damp bottom eauses white iron and waste of fuel. In some parts, particularly in 
Sweden, tho bottom is purposely kept cool ; but not so in this country. It mippens at some old 
furnaces that tho foundation is not iierfoctly dry, for vianl of drains ; but furnaces recently erected 
are well provided with means for the removal of moisture. Some kinds of ore, but chiefly the 

rity of iron smelted, afford the reasons for having a oold bottom stone ; considering, however, 
greater use of fuel incident to it, the advantages are in favour of a dry and warm bottom. 
The leading fonn should be tho ono represented in Fig. 689, for the foundation of a furnace. A 
spacious archway crosses under tho fumaoe between the pillars, so that a man may enter and 
examine it. Any moisture which happens to penetrate from above, which is often the case at hot- 
blast furnaces, thus subsides quickly, and cannot do much harm. In the meantime, it affords an 
opportunity of correcting ttio discharge of water, in case there is any obstruction. A damp 
bottom stone is not only the cause of waste of fuel, but it produces vexatious ooncretions of cinder 
below and around the tuyere, which cause much trouble to the founder. The bottom etone should 
be in one piece, if passible, but there ia not much harm done if it is splicod, provided tho joint ia 
(dose, and the stone safely bedded. It sboold be a hard, well-dried sandstone, with a uniform 



giam. 





' and hematites, principally the former, is 2 ft. 10 in. wide, 18 in. high bcluw 
the tuyere, and 20 in. above the tuyere, where the boshes commence. Such a low hearth is suitable 
for magnetic ore, spathic ore, and some specular ores, but it would not work well with hematites; 
for the latter kind of ore requires a higher hearth above the tuyere. The chartsial furnaces of 
Permsylvania, U.S., are not often less than 4 ft. high above the tuyere. Ores which melt easily, 
or which are porous and form grey iron, ought to be smelted in a high hearth. The height of a 
hearth is regulated by the ore, but the siie of it at the tuyere is determined by the fnel. A 
hearth for antiiracite or coke is not higher than a charcoal hearth. For ores which melt with dif- 
ficulty, a low hearth — in fact, one where the boshes commence at the tuyere, as shown in Fig. 690, 
ia considered profitable, and fbr porous hematites it may reach I ' 5 ft. above the tuyere. The space 
below the tuyere is generally plumb : above it, the batter is from Vt to i : ^* >^ o"-* half-inch to 
the foot for very mild ores, and 2 in. to the fool for refractory ones. A nigh crucible has always 
more taper than a low one ; and one for rich or refractory ores more than one for impute and 
fusible ores. When forge-pig is smelted, the hearth is lower or more tapered thui for grey oi 
foundry pig. The hearth should be wider, and have more batter, when much than when only a 
little iron hi to be Nneltsd. The height and batter of a hearth is in foct not of so much importauoe 
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M U eoounoQl; snppoaed. It ie expeiuive to amelt grej Iran in a law or much-tapered heattli. and 
It ia expensive to mitQUfacture Carge-]iig in a higli liearth. A Iiigb heartli always cauaea inferior 
ibrKe-in>D. The high crucible saves fuel and ore, but works alow. If we assume tbat a furnace 
without a hearth, where the tuyere is oulj 6 or 10 in, above the bottom, and the batter of the 
boahee drawn down to the luyoro, as ahown in Fig. GSO, and also tbat a furnace of this construction 
produces tho beet forge-iron — then regarding this as one eitreme of the forms of a hearth, oud am- 
ridering tbe other extreme to be a hcsrth G ft. high, and onlj j-in. batter to the foot, and assign to 
this the caiiocitj of producing the heat fonndry-piz iron — we shall have tbe intermediate forma 
nearly in the follDwing order for ores. Starting with no hearth, or the lowest hearth, low pressure ■ 
io blast, forge-pig, and much iron, the ores which may bo Kmeltol to advantage ore as followa : raw 
■parry carbonates, law magnetic ore, silicates and forge-cinder, mw argillaceous ore, crystallized 
peroxide, specular ore, compact peroxide, red oxides, roosted carbonates, roasted mngneljo ore, 
roasted argillaceous ore, raw hematites, roosted hematites, pure bog ores, ajid bog ores which con- 
tain much phosphate. The series of ore inverted will work in a high hearth, strong blast, foundry- 
pig, and smelt slowly. Bog ore may he smelted in a low hearth, but not to advantage. Aa the 
orea arc generally impure, a great deal of iron is lost in the slags, and consequently much oool is 
nsed ; the yield is bad, and however good the iron may be in the for^^ it is of no use in the 
foundry. Jf, on the contrary, we amelt refractory ore, commencing; with the series, in a high 
heatih, theyield is poor, much cool is used, tbe iron never good for the forgo, and not useful In the 
found^. We thus see how much the form of a hearth is dependent upon a variety of circum- 
stances, which must be considered in its construction. If we erect a cylindrical high hearth for 
smelting magnetic ore, and intend to smelt good forge-pig, and much of it, we certainly fail in (he 
attempt. And if we desire to produce foundry-pig, of bog ores, in a furnace without a hearth, we 
shall find the iron very poor, weak, and hard, consuming much cool and ore in its manufacture, and 
not suitable at all to oa worked in the forue. By oonsidering these facts, we distinguish easily the 
correct form of hearth for certain kinds of ore, as well as quality and yield of iron. 

One side of a horizontal section of the hearth, or the distance between the tuyeres, is never less 
than 18 in., and not hirger than 8 ft. Round or oval sections of crucibles are not often used, and 
we shall not allude to them. The true measure of a hearth is the contents of tbe area, for which 
we assume one side of a square. These dimensions ore somewhat oontrolled by tho nature of tho 
ore, but depend chie&y on the quality and kind of fuel, on the quantity opd kind of iron to Ira 
smelted, on the pressure of the blast, and on the number of tuyeres. A hearth of only 19 in. 
square at the tuyere, which is worked by one tuyere, wUI moke very little iron — 2 or 2} tons in 
twenty-four hours. These dimenuions are only suitable for working by weak blast, with }-lh. 
preesnre, and charooal. In fact, all dimensions below 30 in. are for cliarcoal only. A hearth of 21 
Uches may produce from 3 to 5 tons per diom, with j-Ib. blast and one tuyere ; two tuyeres may 
bring the yield to 6 tons a dsy, A hearth of 30 in. may be worked by three tuyeres, j to 
1 lb. pressure, and produce from 6 to 10 tons of metal in twenty-four home. The ore has much 
influence on the yield. A hearth of at least 30 in., and from that to 4 ft. in width, is used for 
melting by coke, the yield of the furnace being in ratio to the size and amount of blast : it varies 
from 10 tons per diem to 16 or IT tons. We find in anthracite furnaces — tbe largest hearths in 
them — tbe distance between the opposite tuyeres is not less than 40 in., and sometimes it is as 
wide as 6 ft. An old hearth is frequently found to work well with a width of S ft The yield 
in these fumaoes vanee &om 10 tons per diem to 30 tons, according to size, ore, pressure of blast, 
nod number of tuyeres. Large-aized heortba are generally of a round form. 

Preaure of Blast.— The density of blast depends strictly on the quality of fuel. It has been 
observed that soft charcoal works best with } to | lb. pressure to tbe eq. in. : hard charcoal, 
with f to 1 lb. pressure. Tho best wood charooal will not bear more than this density Raw 
bituminous coal, or coke, is worked to advautogo with 2} lbs. to 4 lbs, pressure, and anthracite 
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ahould have at least 4 lbs. We have no evidence that more density is inju 
with anlbiocitc. When less pressure than tliis is at our disposal, either from n 
imperfect blast-machine, the width of the hearth should be reduced, to produce 
of current in the fuel. When hot blast is used, the densities are as above 
stated ; but with cold blast they may be considerably increased. As the 
eflecta of hot blast may.be in some measure produced by higher densities, 
the best results must, as a matter of ooureo, be obtained when pressure and 
temperature are so regulated as to work tho ore with the smallest amount of 
fuel. We are not informed what density of cold blast anthracite coal will 
bew: but we know that strong coke will bear61bfl.,haidchaicoall toljlb., 
and soft charcoal to J and 1 lb. 

Saoihtr of Tuyera. — Tho number and siw of tuyeres depend on the iize ol 
hearth, the quantity of iron to be made, and whether hot or cold blast il 
nsed. In a small furnace, where charooal is used, and the production il 
limited, but one tuyere is used -. and this is applied at one side of the hearth, 
as shown in Fig. 6^5, and at the aide of the tap-hole. It is a remarkable 
fact, that all attempts have proved futile to work a furnace by placing the 
tnyere in tbe bock stone, opposite the ti/mp. This appears to be its natural 
position, but in practice it does not prove so. Good ooal, fusible ore, stror 
blast, and a well-eiied hearth, will produce a large quantity of iron with oi 
tuyere. Some fumaoes smelt as much as 7 tons per diem by these means- 
There are great advantages in working one tuyere, particularly with refractoir ores and oold blact. 
All clayish and sitioeous orea work better with a single one. When a second tuyere ia used, it \i 
placed opposite the one shown above. At charcoal furnaces we do not often fiiul a third tnyere. 
At coke and anthracite fumacefl we find at least two tuyeres, and in most cases three : and some- 
times a« many as five or siz. Then tbe section of the hearth is round, and the tnyocos arc pluoed 
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as shova in Fir. G9G. ThU amkngement is well adapted to work bj hot blast, but troubleaoma 
In uaing cold blast, on bccoudI of ^e coollog influence of the mnnv apertuicB. Blast, Htronglj 
heated so aa to prevent chillH at the tuyeres, works aJmirably well by si ' ' * 

wide hearth and hot blast will admit of the use of more 
taycres than a narrow hearth and oold blast. 

Sim of Boahes. — That part of the furnace commencing 
at the top of the crucible, wliich farmii a elope more or 
less steep, the form of which varies very much, will be 
easilT understood after the preceding remarks. The 
width of bosties, which means the largest diameter of 
the interior furnace, depends in some measure ou the 
fuel, but chiefly on Uie quantity of blast which ui 
brought to beat upon the fuel. The diameter, or rather 
tho alopo of the boahcs, depends also on the kind of ore 
which is smelted.' We may reasonably atisume tbnl this 
slope is iutended to perform a certain service, and tliat 
can tra no other than gradually to diminish the force 
of the current of blant. As has been demonstrated in 

Srevious pages, the current of blast carries along with 
particles of carbon, which may be either dissolved in 
tho gases or not. They will be deposit^ where the 
current or tetapeiatnre is too weak to hold them lonEcr 
in Buaiiensioii. This flue carbon is absorbed by Uio 
porous ore. The nize of tho boshed must be, therefore, 
in ratio to the ijuantity of blast and the kind of fuel; 
Bssumiu); that both current and temperature are at the greatest diameter, 
deposit tho particles of carbon. If the boshes are too narrow for a certain quantity of blast, tho 

Kint of depositing carbon is carried higher, and the smelting of the ore commences where it ia 
ble to deposit refractory slag on the slope, causing scaffolding. If the diameter is too lat^e, 
the ores arc cartionized too low, and tho slightest attcratitm of beat must inevitably deposit par- 
tially melted ore in the widest part of the boshes, causing concretions. In cases of doubt, it is 
preferable to have the boshes too narrow, rather than too wide : but we must be aware that nothing 
has more influence upon the quantity of mctot smelted than the dimension of the boshes. But if 
the furnace cannot be supplied with sufficient blast, it is very vexatious to have the boshes too 
wide. The eitreme diameters in nso are from 7 to 18 ft. Charcoal furnaces will bw 'Ji. and in 
some instances 10 ft. of width ; but the latter is rather a large size. Coke furnaces are not often less 
than 12 ft., and do not work well if larger than 15 ft. Anthracite appears to afford a wide range; 
we find furnaces of 10 ft, boshes, and also of 18 ft., or nearly four times larger. As the quantity 
of blast is in proportion (o the fuel, and that in some measure controlled by the quantity of met^ 
made, we flnd that the production of a furnace is nearly in proportion to the size of the boshes ; still, 
this rule is not so perfect as to admit of oorrcct deductions. The kind of ore and quality of iron 
smelted exert almost as much effect on the yield of a furnace as the size of boshes. Fasible, well- 
flu i«il ore fumishea more iron, and a lai^er quantity of forge than of foundry iron maybe made in the 
same time by boahea of the same size. When Uie diameter depends on the quantity of blast, the slope 
of the boahea ia regulated by the ore and the quality of iron smelted. A slope of 50° is commonly 
adopted in small furnaces where fusible bog ores are smelted ; even 45° ore not considered too flat. 
Baw ores, of the primitive formation, are smelted in slopes of from 70° to 75°, as shown in Fig. 6M. 
Between those two extremes we observe many varieties of slopes. Close, compact ores, which do 
not form grey Iron, are smelted in steep boahea : and ores which are inclined to produce a grey 
fusible iron may be smelted in Oat ones. Foundiy iron is better when made in flat boahea, and 
forge when made in steep ones. The yield of a furnace is greater in the latter than in the former. 
The use of fuel is also greater in steep than in flat boshes. This depends, however, eo much on 
the form and composition of the ore, that in these respects little influence is exerted by the slope 
of boshes. 

That part of the furnace commencing at the widest part of the boshes and extending to the lop 
is always of a conical form, with straight, or more or lens curved sides. By examining the use i^ 
thispart of the furnace, we arrive at its correct form, lu practice, we flnd it such aa is represented 
in Fig. «97. We shall not consider the . .-. „ 

advantages or disadvantages of these 
forms of in-walls, but proceed to define 
the use of this part of the furnace. 
Assuming that the operation of reviving 
and melting the metal and the slag is 
carried on in the lower port of the furnace, 
from the largest diamelor downwards— 
which ia not always true, as we slinll 
■ee hereafter — we discern tho uac of tho 
space enclosed by 
of gases from tlie 

Water, as well as hydrogen, free oxy^n, or nitrogen, 

the second ore actiuJIy hurtful. The object of this space, therefore, is to evaporate water &Dm 
ore and coal without causing injury to the form of these substances, A high beat, of course, will 
evaporate water sooner than a low one ; and it will also break coal and some kinds of ore, and 
form diiiit of them. For these rctunus, a liigh heat at the mouth of tlie furnace ia often found to be 
injurious to the smelting operation. CharcwJ requires at least twcntj-four hours iodryit at » low 




a in-wall. Nothing is performed in it except the evaporation of water, a] 
e and coal. In rnlucuig the ore, these substances should not be presei 
irogen, free oxygen, or nitrogen, are of no use in the crucible ; the first ai 
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hetit, uid aoaie kinds of clay or oigiUooeoaa ore three tiraea that length of time. Wlien ooal and ore 
maybe dried in twenty-four houra, witliout injury to fonn, the size is aufficiont when the capacitj of 
the furnace aboTe the boahea is aufficiently large to hold ore enough to work for twenty-four hours. 
When 10 tons of iron are uaelted in that time, and 3 tons of ore and 200 busheU of coal eue required 
for I too of iron, the furnace moat hold 30 tons of ore and 2000 biuhela of axl nbore the boahee. 
Generally we find the capacity Bomewhat greater; but there is no neceiuity to hare more atock 
in the furnace, vhether charcoal or anthracite. Where coke or raw bituminoua nwJ is used, the 
case is different. This fuel coDtains always more or lose hydrogen, the pressure of which is highly 
injurioua in that part of the furnace where the iron is received. It requires a red heat and a liberal 
sDppIy of air to expel hydmgco from a large body of coal, and also much time. !□ this case little 
can be done in twenty-four houre, and therefore such furnaces have a capacity for three days' stock. 
The form of the in-wall, if curved or straight, cannot theroforu have much inSuence on the 
oiieration ; but a gentle curve, or a cylimlrical part above the boahes, ia found advantageous. This 
will afford some play for theoecillatinna of blast, and prevent scaffaldiagoa the slope of thoboahes. 
The curved form ahown in C, D, Fig. 697, aflbrda one advontage^naicely, the same capacity with 
lesa height : aud for thia reason the curve ia advantageous. It has t>een observed, that beyood a 
certain limit there is no advantage in increasing tbe height of a furnace. This may be 40 ft. for 
charcoal and anthracite, and 50 ft. for coke or bituminous coal. A lower furnace works easier, 
makes better iron for the forge, and, when well arrai^ed— that is, of sufficient capacity— does not 
consume more ooal in proportion to the iron smelted than a high furnace. It is, therefore, desirable 
to operate with the least height. Thia can bo accomplishod only by curving the lining so aa to 
gain in the capacity. If this space of the furnace aervea no other purpose, we may give any form 
we choose, without injury to the work. It has bet:n proved by experience that the curved lining 
and a low furnace work better than a straight lining and high stack. The curvature ia, of oourse, 
Dover to extend beyond the largtst diameter of the boshea. 

Slit of Mifith. — On this subjoct a great deal of controversy has ariseu without any satisfactory 
result. It is settled that narrow tops and too wide mouths cause a waste of fuel. 

If we consider the object of thia aperture we shall bo able to determine its size. The mouth is 
chiefly for chaining the furnace with ore, coal, and Sui, and for tho escape of the waate gases. If 
the cutreut of the gaa is too strong at the top, a large quantity of small particles of carbon are 
torn loose and escape, thus causing a loss of fuel. If the thmat is too narrow, the ore is apt to hake 
and form lamps, which pass into the centre of the furnace, and descend to the hearth unsmelted, 
A mouth of the proper size will cause some ore to move towards the in-walls, while the large moss 
will remain in the centre. When the throat is narrow, a marked diftcrenca ia found in the 
operation of the hearth when a fresh charge is thrown in and when it is down. This is particularly 
the case at small, low charcoal furnaces. Tbe oscillation in heat thus produced caoses a waste of 
fuel. A narrow throat will work hotter than a wide one, and thus cause the Bying of ooal and ore, 
which makes dust iu the boshes and forms an obatruclion to blast. There would be no objection 
to making the mouth as wide as the boshes, were it not that by so doing tho ore is thrown chiefly 
near the m-walls. which in melting trill cause scaffolding : and if in this case the ore is charged 
in the centre of the furnace, the waste heat escapes chiefly at the in-walls, preventing it from 
becoming sufficiently dry before arriving at the hearth. These leHections lend to the ooncluston 
that half the diameter of the boshes should be nearly the diameter of tho mouth, which is conflrmed 
by practice. At charcoal fomaces the diameter of the mouth is generally made narrower, under 
an apprehension that heat will bo lost. At coke and anthracite furnaces, we flnd the throat wider 
than half the diameter of tbe boshes; it ranges between | and f of it. There is less danger of 
losing heat by a wide than a narrow mouth ; the tatter always consumes more fuel than the former, 
but it requires more attention on tlie part of the founder, because of its tendency to cause scaf- 
folding. The mouth may be formed of an iron cylinder or a brick wall. 

The mouth is sometimes surmounted by a cbiouiey ; this is required to jHotect the workmen 
against injury from the flame. An open mouth causes improper fllltng, because the men sometimes 
cannot gel near the ptoper place, in consequence of the flame which is driven there by the draught 
or wind. It is in all instances proper to erect some protection for tho fillers. A brick chimney, 
well provided with binders, and some apertures for chafing, is all-sufficient for the porpoee. 

Blast furnaces have in most cases, and should have in all cases, a roof over the top of the 
stack, a bridge-house, and a moulding-house. The uses of these buildings are obvious — for the 




protection of those who work the sand in the pig-bed, and the ore, coal, and furnace, from the effects 
of rain and anow. The whole of a blast furnace, including all these buildings, assumes then a form 
suoh w is represented. Fig. 698. AU these boildiiigs should be conatnicted of iron, or couted 
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with a fire-proof paint ; for any loeses in consequence of a conflagration in these establiBhmenta 
are of a Berious nature, because they cannot well be covered by insurance. 

We recognize two distinct and active principles in smelting iron ore, or, in fact, any other ore. 
The one relates to those instances where porous ore is smelt^ ; the other is that in which com- 
pact ores are reduced. In former pages we had occasion to allude to this subject, and remarked 
that carbon must be dissolved in the gases of the lower part of the furnace, or we could not acoount 
for grey iron. The carbon may be dissolved in hydrogen, or any other gas ; it will be attracted by 
the oxygen of the ore, the pores of which it will fill if it is porous. By whatever means the 
carbon is dissolved, or set m motion, the efiect must be in all cases the same. If ore is very 
porous, it will absorb much carbon, and form a black or brownish-black mass, which is more 
refractory than pure ore, and which melts only in the high heat of the crucible. This condition 
of the ore in the furnace has been proved by actual experiments. In drawing out the contents of 
a ftimace, when in the best condition for smelting, the ore was found to be in this state. Under 
these circumstances, iron is smelted with the smallest amount of fuel, grey iron follows with the 
greatest facility, and good quality can be depended on. This mode of smelting can be practised 
only on porous ores, bog ores, hematites, soft red oxides, and roasted ores. It requires a large space 
above the boshes in order to saturate the ore with carbon, and fiat boshes to concentrate the heat 
below them and in the centre of the furnace ; it also requires a highly -charred fuel, which is free 
from hydrogen. It has been observed that, when it is desirable to smelt grey iron, raw fuel or 
imperfectly-charred fuel does not facilitate the operation. On the contrary, raw fuel leads to the 
formation of white iron. Grey iron, of course, is smelted by raw bituminous coal, and also by 
wood ; but we speak here only of ordinary circumstances, in which the fact is as we state. If the 
medium in whicn the carbon is dissolved is indifferent in respect to the formation of grey iron, 
carburetted hydrogen ou^ht to be particularly suitable for the formation of it. But this is not the 
case. Fuel which contains hydrogen forms, at best, an impure iron ; and if grey, it contains but 
little carbon. Carburetted hydrogen certainly deposits more carbon in the ore than can by any 
other means be acoompllBhed ; but hvdrogen reduces many substances, such as silex or lime, which 
are not reduced by caroon except under peculiar circumstances. When hydrogen penetrat^ oxido 
of iron at a low temperature, it forms a powder of metallic iron, which does not so readily combine 
with carbon as a powder of oxide of iron exposed to the same degree of heat. We diecem thus 
very readily the means by which grey cast iron, of good quality, can be formed. 

In these remarks we have alluded to one extreme — ^that is, the formation of grey iron from 
porous ore ; we shall now examine the other, or the formation of white iron from compact ore. 
The best material to serve as an illustration is a silicate of iron. When forge-cinder is charged to 
a blast furnace, it cannot absorb carbon in its pores ; for it is compact, and not accessible to any 
gas, so far as its interior is concerned. This substance will move unaltered in the furnace, to a 
point where' the heat is strong enough to melt it. Here it is converted into a fiuid cinder, or slag, 
and trickles down through the hot coals ; these absorb oxygen from iron and other metals, and if 
the height of the column of hot coals is sufficient, all the iron may be reduced before the fluid slag 
arrives at the tuyeres. No carbon can be absorbed by the iron in this case .* for it forms large 
globules, and is not in a condition, or not in so close contact with the metal as to combine with it. 
The fluidity of the metal is in this case most generally produced by substances which are nearest 
to the iron ; and as these are phosphates, sulphates, and silex, their respective bases will combine 
with the metal, which, when once fluid, does not absorb carbon, but rapidly descends ioto the 
hearth. In this case we perceive that a certain height of a column of hot coal is required to 
reduce the oxide ; if that column js too low, the iron arrives, in the form of oxide, at the tuyere, 
and cannot be converted into metal but by the presence of grey iron in the pool of the crucible, 
the carbon of which will reduce the oxide which may be in the slag. The height of the column 
of hot coal required will depend on the nature of the ore. If it is a verv fusible silicate, such as 
forge-cinder, a considerable height is necessary, because it will descend rapidly and escape the 
action of carbon. 

In thus analyzing the operation of a blast furnace, we see that, in the one case a very low 
column of heat, and in the other a very high one, is required. Between these two extremes we 
find the proper height. Very porous bog ores containing phosphorus, smelt in a narrow, almost 
cylindrical hearth, 5 feet in height ; a red heat is hardly perceived at the boshes. Forge-cinder, 
by itself, reauires at least a column of 25 or 30 feet in height of a red heat ; and thus high the 
crucible ougnt to be, in order to obtain the necessary intensity of heat. This shows very clearly 
the principle involved in the construction of a furnace-hearth and the boshes. Where the latter 
commence, there the smelting of the ore begins, and not elsewhere. But as this rule would cause 
the crucible to be very high for refractory ores, it and the boshes form one general slope, which 
may be very high, as the ore requires no preparation in the upper parts of the furnace, and only 
the fuel is to be freed from moisture. 

These principles are not confined to the kind of ore ; fuel exerts more or less infiuence on the 
height as well as dimensions of a furnace. Hard, dry fuel, such as anthracite, requires little 
preparation in the furnace, and low stacks will work with it profitably. Coke requires more 
preparation, and charcocd most ; and as a high furnace has a tendency to draw tLe heat up, it is 
found necessary to reduce the height of a charcoal furnace, in order to save fuel, by reducing the 
column of heat, and consequently radiation of heat. In the difierence of the height of heat in 
furnaces, or in the radiation, which is the necessary consequence, may be found the chief cause of 
the great difierence in the consumption of fuel. This accounts for the fact that charcoal furnaces 
which smelt mild, fusible bog ores, will produce a ton of iron with less than a ton of coal, 
when anthracite furnaces use from 1'6 to 2 tons and more, and coke furnaces do not work with 
less than 2 tons of coke, which is equal to 3 or 4 tons of coal, for smelting^ the same amount of 
metal. 

Hot Blast. — ^The application of hot blast at blast furnaces is general ; with few exceptions at 
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channal fimsces, it ie done ererywhere. In Fin. 699 and 700 we Iibtb Tepreaented the appantna 
as it U moat aommoiil; conrtruoted, which may be oonsidered as ita best form Id some uutanoea 
the bot-bhut stove ia placed near the tuyeree, as shown in Fig 701 and each tuyere has lU own 




atove, AAA, whioh eneblea the fonnder to 
heat the blast for one tuyere more than for 
the other, as ila condition may require 
At large fumacee it frequently bappLmi 
that one tnyere doea not work bo hiit as 
the other, and, in order to remedy the evil, 
more beat is applied at the mid one 

In geoeral, one apparatus Is placed 
ooDveniently near lo nil the tuyeres, and 
this heats the blast for all of them, however 
many there may be. In this mse the most 
oonveoient position is behind the furoac^ 
somewhat elevated above the tuyeres, as 
shown in Fig. 702. The hot-blast pipes 
are then above the heads of the worlcmen, 
and easily accessible for repaira. 

These cases refer to the method of 
beating the blast with separate fuel, which 
ia not often piactised. The most aommon 
mode is to heat it at the top of the rnmaoa, 
or al some distance below it, even as low 

as represented lo the last engraving. The ^ 

first instance has been represented, Fig. 
690 : and in the latter, the arrangement talies the form shown 
Doodacted from the top of the furnace, either in large iron pipee, i 
point where the hot-blast stove is located. In some 




a Fig. 703. The waste heat is 
' in chanoels of masonry, to that 
find the stova provided with a 
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faniace, or grate, for burning coal or wood. This precaution is taken to provide heat by extra 
fuel, in case the waste heat from the furnace is not sufficient to heat the blast to the degree 
required. This does not happen at anthracite or coke furnaces, but is confined to charooal ovens. 

At some furnaces we find the hot-air pipes enclosed in wrappings, which consist of articles 
which are bad conductors of heat : at others, the pipes are waJled in, in the rough masonry 
of the stack. Whatever be the mode of conducting blast, the pipes ought to be spacious, for 
the increased volume of the hot air, compared with it when cold, causes much loss of power, or 
pressure, if the pipes are too narrow. 

Effect of Hot Blast. — The apparently singular effect of hot air in a smelting furnace is chiefly 
of a chemical nature. The heat introduced by the hot air amounts at best to ^, and in most 
instances only to -ji^ of that generated ; and still a considerable amount of fuel is saved by it, 
which at charcoal furnaces amounts to -^^ at coke furnaces to ^, and at anthracite furnaces to 
nearly -} of that used by cold blast. The immediate advantages are, the quantitv of heat intro- 
duced, in case that is derived from waste heat, a small increase of temperature, and a fluid cinder, 
by which flux is saved. The latter effect is in conset^uence of the absence of the chilling effect of 
cold air, and a more intimate union of the ingredients. The essential effect of hot blast consists 
in its facilitating the union of carbon and the oxvgen of the blast, by which means carbonic oxide 
is more readily formed, in which gas carburetted iron may descend without loss of carbon. Cold 
blast will produce a larger atmospnere of carbonic acid around the tujrere than hot blast, and this 
gas will not only absorb carbon, but oxidize silicon and iron. As the influence of hot blast on ore 
is of such a nature as to facilitate the revival of metals, many other substances besides iron ore are 
reduced, and form an alloy with the metal. To these foreign substances belong particularly those 
which are in close contact with the particles of Iron, such as phosphorus, sulphur, and silex ; 
calcium is often reduced from the limestone used as flux, when the blast is heated beyond a reason- 
able temperature. By experience it has been found that, for charcoal, a heat beyond 300'-\ for 
coke 400% and for anthracite 500% is of not much advantage. 

The quality of iron smelted by hot blast must naturally be inclined to grey iron, because all 
the oxygen ana other gases being perfectly saturated with carbon, there is no opportunity for the 
ore to escape being carbonized. But it has been observed, and must naturally be expected, that 
hot-blast iron is more impure than cold-blast iron. It contains, particularly, more of the basis of 
silex, because this substance is everywhere associated with iron ore, and is subject to reduction by 
carbon at a high heat in tlie presence of iron, and in the absence of carbonic acid. The quality of 
the metal is, therefore, eminently suited for use in the foundry. It is, on account of the amount 
of its impurities and the metallic form in which they are present, very fluid, and remains so a long 
time, which is the cause of its forming grey, tempered castings. Whatever may be the opinion 
and experience of some engineers, there cannot be any doubt that cold-blast iron with the same 
amount of carbon as hot-blast iron, and cast into dry moulds, is stronger than hot-blast iron, 
smelted from the same kind of ore. Hot-blast iron forms a superior foundry iron for small 
castings, but it is weak in large castings ; the cause of which is obvious. The mixture of carbon, 
impurities, and iron, which causes its fluidity, makes it also a bad conductor of heat ; it will not 
cool so quickly as strong and pure iron, and consequently it is not so liable to crystallization. This 
iron may be, therefore, a superior foundry iron for small castings ; but it must be always inferior 
to cold-blast for heavy ones, and particularly for the forge. 

The large quantity of heat lost at the top of a blast furnace has been the cause of frequent 
speculations to devise some plan for its use since the earliest adoption of these furnaces, it has 
of late led to a great deal of controversy, and occasioned much examination of the nature of these 
gases, as well as of those in the interior of the furnace. The subject is so far settled at present, 
that it is found injurious to abstract gases lower down from the top than where they consist chiefly 
of carbonic acid, vapours of water, a little carbonic oxide and nitrogen, and some other substances ; 
in fact, these gases are not abstracted until they cease to be usefud in the furnace. We may tap 
gases f^om the furnace lower down in the stack ; but they are not of more use than those near the 
top, and such an operation is more or less injurious to the working of the ores. When these gases 
are abstracted at a height where they cease to be useful, we may term them waste heat ; but if we 
tap lower down they cease to be waste heat ; for the highly carbonized combustible gases are 
edsential to the good effects of the furnace, as must be evident from our preceding remarks. 

At a variable height, 8 ft. on an average below the top in charcoal furnaces, 8 or 10 ft. in 
anthracite furnaces, and 12 or 16 ft. in coke furnaces, the gases are of the same, or similar compo- 
sition. They consist here chiefly of carbonic acid, nitrogen and steam, and some carbonic oxide. 
It is a mere matter of convenience, so far as regards the furnace, at what precise spot we abstract 
the gas. Below these various heights it changes suddenly in its composition. It is composed 
chiefly of carbonic oxide, some hydrogen, nitrogen, and moisture. These are substances whion are 
essential to the reduction of the ore, and which ought not to be removed. 

We have already shown the mode of abstracting the waste heat from the furnace. The most 
common method is by means of a cast-iron cylinder of 5 to 8 ft. in length, as shown Fig. 703 and 
in other drawings. The depth to which a cylinder is lowered has no effect upon the amount of 
heat obtained ; this is regulated by the distance to which the heat is to be conducted. A long 
or deep cylinder affords more pressure ; consequently the gas may be conducted farther from it. 
When steam-boilers, or a hot-blast stove, are at the top of a furnace, the insertion of a cylinder is 
not necessary ; in fact, it is of no advantage in any case, for sufficient heat is given out at the top 
in all instances to heat steam-boilers and hot-blast stoves. In this case the arrangement is such 
as is shown in Fig. 704. A chimney at the end of the boilers, or at the top of the stove, produces 
the necessary draught. A plain cast-iron plate with a narrower mouth than that of the bride 
below, affoios a chamber on the top of the fuel. When desired, this aperture in the iron plate 
may be covered by a door which is occasionally removed for charging fresh ore and ooal. This 
plan works well enough in small charcoal furnaces ; but at large furnaces, with a wide mouth, and 
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vrhnM boilera reqnire a larf^e qmmtitj of hetit, the effects are not certain. If any objeetton exUts 
In the application of an iron cjriinder, wliich may be the oaho when the top works very hot. nn 
amngement mch aa la repreeented in Fig. 703 is equally effective. It is particularly employed, 





and QBefitl for burning lime, or bcAting blast. Over the month of the fomaee a ohinmey is erected., 
piDvided with a damper on its top. Some iioD doore, which are opened by pushing the whoct- 
barrow against them, and shnt Ihemsclvea when it is withdraWD, afford access to the interior for 
charging. Bv these mecuis all the beat at the top is saved, and may be conducted to any place 
where it will be useful. 

The amount of waste heat at a blast fnroftco is very larpe, bnt even when tapped low in the 
stack and burned with the addition of fresh atmospheric air, its temperature is so low that it cannnt 
be employed to advantage for melting, puddling, or welding iron. At the top it pmduces a hip;]) 
red heat, and at anthracite or coke furnaces a white beat, well adapted for generating steam, 
heating blast, burning lime or bricks, and similar purpoees. In conclusion, we insert some tables, 
which will be found useful for reference, explaining many things which could not be referred to 
in this short exposition. 

Charcoal /limace,— At a charcoal furnace the following persona are employed :— one founder, 
two flrenien, two fillers, one gutter-man, one eoal-drswer. a bank hand, and a horse, cert, and 
driver, and if there is a stimping-mill, or batttry, a hand to attend to it. This is the smalleat 
number of hands necessary to manage a furnace ; generally there is twice that number. When 
ore is to be broken or roasted, flux to be broken, and similar work to be done, an additional nnmber 
of hands is required. There are charcoal fumocoa which oonaume 230 bushels of coal to a ton of 
iron : 200 bushels is an average in the Weatem States of America. In Western Xew York, some 
furnaces smelt a ton of iron, from magnetic ore, to 150 bnabela of coal ; and in the St. Lawrence 
district, where specular ore and red hematites are chiefly smelted, as [ow as 100 bushela of coal are 
used to the ton of iron. A atack in that region, which operatoa well, is about 30 or 33 ft. high ; 
7 or 8 ft. boshes, with a cylindrical part, 2 ft, high, above the boahea ; mouth, 31 in., and from ^t 
to 36 in. (when an iron cylinder is used it is of the same size) ; width of hearth between the 
tuyeres, 22 in., and 32 in. at the top ; height of hearth, 5} ft. ; tuyeres, 22 in. above the bottom ; 
the in-wall a curve, as shown Fig. 677, C : such a furnace smelts from 5 to 8 tona a day. 

The Siscoe furnace, on Lake Champlain. working magnetic ore, is 44 '75 ft. high; 13 ft. boahea; 
2 ft. 10 in. hearth, across the tuyere : hearth, 38 in. high : slope of boshes, 64", with a cylindrical 
part above the slope of 3} ft. high ; mouth, 4 ft, 3 in, wide. This furnace uaea about 160 bushels 
of coal to a ton of iron ; ita erection has coat abont 30,000 dollars, eicluaite of eight kilna for 
charring wood, which cost an additional sum of 10,000 dollata. 

Antiraciie Famacea. — The form and diraenaions of these vary exceedingly. They are not often 
above 33 ft. high; from 10 to IS fl. boshes; 'Si ft, to 5J ft, acmas the tuyeres; hearth, from 3 to 
5 ft. in height, generally much battered ; boalips, from 50° to 70° ; top, 5 ft. to 9 ft, in width. A 
small anthracite furnace produces from 80 to 12D tons of iron, large furnaces &om 160 to 200 tons, 

Coke /Wmw),— These are generally 50 ft. high, and as wide at the base ; boahea, 15 ft. ; slope. 
65° to 70° ; hearth, across the tuyere, 4 ft. ; at top, 5 ft. ; height of hearth, 6 ft., and tuyere above 
bottom stone, 2 ft. The coat of erection is equal to that of an anthracite furnace ; iron made per 
week is 60 to 100 tons, using 2 tons of coke to 1 ton of iron. 

The coal charges at furnaces are always of the same meaaure— about 15 bushels, more or less. 
The weight of ore is regulated according to the capacity of the cool for smelting. The number of 
charges in a certain time, say twelve hours, varies from 12 to 30, according to the quantity of blast 
injected into the furnace. 

The number of blast furnaces in the United Stales may be estimated at 1200; of which about 



©= 



350 BLAST PUENACE. 

Deteriptiai of fcU Blast FtmuKn at Inn Worh at OromoBl, hy ffirom C. Cimltlard, of Blaclk- 
iurn. Totflt from the Proctedingi Init. M. E.—In Ibe CloTeluid iron district, where the OiMtnonf 
Inn Works ate ritunted, there were, in 1863, 63 blitit furnaoes in foil opemtion, 17 fuiUMes 
not in Dpetation, atanding for repurs or other oanaea, and 11 famacw ui varioiu atagee of 
ptogtwa. 

Groamout, near the tiu. 

ooast of Yorkshire, is 
Hituat«d about seven 
mit«fl from the port of 
Whitbjr, 20 miles from 
the Durhsm coalfield, 
and abont the ea.me 
distance from the lime 
district of Pickering, 
whence the auppiv of 
lime a derived. Fig. 
706 is a general plan 
of the entire works, 
which are adjacent to 
the main line of rail- 
way from Whitby to 
CaatletoD, joining the 
North Yorkshire and 
Cleveland Bailway, 
and thus in connection 
with the Newcastle and 
DtirhBin coei and coke districts. A siding &om the main line mns into the works. 

These blast fnmaces are constructed on a Tery efficient and economical plan. Each fomaee ia 
«spable of produoing 250 t^is of pig-iioD a WMt, ttUowisg for stoppage on Simdsys. Fig. 107 




ft/mmcs,— S L, Steam Lift. C K, Calcining Kilns. R R, R«ilwsy, 
3, Bcilen. HI, Enginca. B M, Bkait UwDi. GH,OaiHaiD. FF, fni^ 
lacei. UBS, Hot Blast Stsva. C, Chimney. 





is a vertical section of one fnmnce, and Fig. 708 shows an enlarged vertical section of the top and 
bottom of the fumacv. Pigs. 709 to 713 are tmnsverse sections of the furnace at the tuyeres, tap- 
ping-hole, and hearth, and through the body of the fumece. 

Each furnace measures 18 ft. diameter at the boehes, and a total height of 63 ft. from gronnd- 
line to level of chanring-floor. The foundations were dug out to a depth of abont 9 ft., to rock on 
one side, and hard blue clay on the other, the ground sloping in the direction of the dip of the 
rock. The stone fouudnlions, both for tlie hearth and casing of the furnace, are shown in the ver- 
tical sections. Figs. 707, 708. and consist of ring-courses of masonn' built on concrete, about 26 (t. 
diameter, eadi oontse being bound by a wrought-iron ring, 5 in. wide and \ in. thick, Fig. 708. In 
the interior of the uppermost ring.conrae ia built the fire-brick hearth A, Fig. 708 ; the blocks <4' 
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which thia it fonned tie ehown in plao and vertical Mction m Figs. 711, 712. These blocks ore 
Bet in pound flre-claj in a moist slate, specjnl care being token to eecure » perfectly homogeneons 
mass, aa the whole i^ the sDpentmcture of the furnace snd iti oontents, when in working ordei 
weighing about 1200 tons, lest upon this foundation. On the top conne of maeonrf the founda- 
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tioD-plales of cast iron, Sfl. 6 in. square and 4 in. thick, are bedded in fireclay, to which are bolted 
the cast-iron columns B B, Fig. 708, 17 in. diameter, for canyinf; the sup^^mctuce. These 
columns are united at the top by a cast-iron ring or cornice C, in segments 3^ in. thick, each seg- 
ment haTing a semicircular snug cast on its nnder-tdde, which, when the work is joined together, 
fits into the top of the column B, thus binding the whole of the segments into one ring. 

The entire lining of the furnace inside is of refractory flre-hrick, D, Fig. 708 ; the furnace Is 
cylindrical on the outside and entirely cased with wrou^ht-iron plates E, f in. thick at the bottom 
<^ the furnace, and towards the top of the furnace diminished in thickness to .A. in. This casing 
weighs about 30 tons and costs about 400(., and is now being generally used in the place of the masaivQ 
stack of masonry formerly used. There are ten cast-iron pillars B for carrying the superstructure, 
placed at a distance of 7 ft. apart, except where the tapping-hole is situated, where the distance is 
increased to 10 ft., as seen in Fig, 709. Brackets are cast on these pillars, F^. TOS, for the purpose 
of carrying the circular pipes that convey the blast and water 
round the fumacea for distribution to the Tarious tuyeres. There "*■ 

are five tnveres to each furnace, one of which is shown in longi- .^^^^^^— ^^"^ ^^ 
tndinal section in Fig. 7H. [ ^*^ 

Fig. 713 shows a transverse section of furnace at X X. ^^b^^^_ ^ 

At the top of the furnace a wrought-iron plate-cornice F is 
fixed. Fig, 708, forming the chaiging-floor ; and the two fumacea 
are connected by means of two longitudinal wrought-iron girders 

4 ft. and 3 ft. deep respectively, the larger one prepared to receive 
the wrought-iron beams that form the roadway of the incline up 
which the materials for smelting are drawn by means of a pair 
of fixed horizontal engines. These girders are united by nine 
intermediate cross-girders of wrought iron, and, when covered with 
plates, form the roadway of the charging-fioor, having a screen 
3 n. 6 in. high running ronnd for protection. 

The throat of the furnace. Pig. 708, is adapted for taking off 
the waste gaa, which is collected in a wninght-iron tube Q, 5 ft, 
diameter, which extends down the throat of the furnace about 

5 ft., and is lined inside and cased outside with refractory fire- 
brick 6 in. in thickness. This tube is fixed to and supported by 
a crown or dome, built in the throat of the furnace, of specially 
moulded lumps of fire-clay, supported by six buttresses built of 
the same material. The crown has six openings formed at the 
Bides for charging pnrpoaea, and one opening in the centre, through 

which the gas passes into the tube G. There is the usual brick chimney at tbq ^P "^ ^^^ fumnce^ 
with wrought-iron swing-doors oorresponding with the openings in the crown. The gas ia eoq- 
veyod from the fumace-top to the boilers and hot-blast stoves by a wrought-iron tube S ft. 6 in. 
diameter, large enough to take oCT the gas from two additional furnaces ; and square boxes, H, 
Fig. 706, are fixed at intervals along the tnbe to allow for expansion. A flap-valve, I, Fig. 708, 
opening outwards for cleaning purposes, is fixed at the end of the tube over the furnace. 

Figs. 715, 71G, show a vertical section and sectional plan of one of the hot-blast stoves. Three 
of these are built to each furnace, of common brick made on the estate, lined with refractory fire- 
brick, and externally bound firmly together by wrought-iron hoops i in. vide and } in. thick, 
placed at intervals of 3 ft. The stoves are heated by the gaa being admitted at the top, J, and a 
small fire is kept on the grate at the bottom for the purpose of ensuring that the gM is always 
ignited. Four flues, K K, Fig. 716, pass away from the bottom of the stove to the main chimney- 
flue L, Fig. 715, which is in connection with the chimney-stack. Fig. 706, of 180 feet height A 
simple disc-valve J ia fixed at the top of the stove where the gas enters, to cut off the supply of 
gas from tho stove at any time. The pipes M, throuch which the blast passes, consist of ten pairs 
to each stov^ 12 in. diameter, each pau* being arched at the top and united at the bottom by con- 
necting foot-boxes, thus forming one continuous course of pipes for the blast to pass along. The 
blast enters on one side of the oven, and, after circulating through the pipes H, passes out at the 
other side into the main pipe N for the service of the tuyeres, as shown by the arrows, A stop- 
valve O serves to cut off the communication of each stove with the blast-main, which is 5 ft, 6 in. 
diameter, and thus forms also the bloat reservoir. The temperature of the bUst is from 60<r to 700° 
Fahr., and the quantity blown by each engine is 6000 cub. h. per minute, Kt a pressure of 3 lbs. per 
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aqnare inch. These hot-blast stoTea bave been found moat effective ; fWim the enlarged Cftpocitr of 
tbapipea, theblsiat U macb longer in pnseiiig through tliea, and cotuequentlf tbejareuot reqnucd 
to be kept at sucb a deetructive heat 




The blaat {b snppUed l^ threa direct-acting 
high - pnisiure enginea, qnick • moving, liaving 
Bir-cylinderB S7i in. diameter, with a atiobe of 
8 ft. Two enj^nea are Bafficient for the vaA of 

_ __ ^ - __ ^_ j^^ farnaMB, a third one being provided in casn 

' --• of emergency. The reason for separate enginea 

^1 '- 1 1 being u^d is that in the case of an accident to 

the bloiving-eugina, when only one engine is 
used, the whole of the fomacea are thrown idle. Moreover, the cost of macbinerr fbr two fumacea 
ia much lees io these engines, taking into consideration the expensive naturo of tbe stonework, and 
so on, required for the foundation of one large beam-engine. The only foundation required for 
these engines is about S ft. depth of brickwork, with a framework of timber on which to bolt the 
foundation-pltttCB. 

The engine-house ia of brick, the roof is formed by the water-tank, which contains the water- 
BQpplj for the tuyeres, pig-beds, and so on. In the engine-bouae is fixed a travelling crane, for 
the convenience of examining any portion of the engines ; this is fonnd a most useful appendage. 
Tbe boilers are five in number, each 73 ft. long b; S ft. diameter, of the plain egg-ended form, 
heated by the waste gas from the blast furnaces. They are suspended by moans of cast-iron 
bridges from the top of tbe boiler seats, and are fed by three donkey-engines, all connected to one 
pipe over the boilers. The steam pressure is 60 Ibe. a sqoare inch above the atmosphere. 

A steam lift is Sxed in tbe works in tbe poaition shown S L, Fig. 706, for the pnrpoee of 
raisins tbe minerals from the line of railway lo the top of the calcining kiltu. 

Description of a Ufthod of Taking og the Waste Gases from Blast Furnaces, bij Charles Cochrane.— 
In the Proceedings of the Inst, of M. E. for 1860, CoohrsBe observes, there is no novelty in the 
fact of taking off the waste gases from a blast furnace ; for many methods have been and are at 
presonl employed for accomplishing this object. Though Cochrane was anaware of any similar 
method, be does not desire to claim originality in that about to be described ; but as there ia such 
acknowledged diversity of opinion as to the respective merits of different plana, and great diffi- 
culty in procuring reliable information on any, itispropoaod togiveadescrip^onof an arrangement 
which has boon in anccesaful operation fbr some time at the Ormeaby Iron Works, Middlcsborongh. 
The large waste of fuel from the mouth of a blast furnace where the escaping gases are allowed to 
bum away ia well known, and amounts to more than 50 per cent, of the fuel bnmt ; benc« there 
ia considerable margin for economy, bearing in mind the large quantity of coals consumed in 
raising steam for generating the blast and the further qnantity nocessai? to beat that blast to the 
required temperature. In fact, assuming a consumption of 300 tons of coke a week to make 200 
tons of iron, about 100 tons of coal would bo required to generate steam and heat the blast. 
Taking off the gases from one fumaco under such conditions does, according to actual experiment, 
furnish gas equivalent to upwards of 150 tons of coal a week. This is obviously an important 
matter where coals are oxpensiTe. 

Tbe blast furnace is alternately charged with coke, ironstone, and limestone, in proportions 
depending upon the quality or "number" of iron desired. The arrangement of these materials in 
the furnace ia generally deemed important, though it admits of considerable latitude witliout any 
appreciable alteration in the working of the furnace. Thus it does not seem to be of any import- 
ance whether the charge of coke be 12cwt. or 24 cwt., the amount of load of ironstone and 
limestone being in. the same proportion of 1 to 2. Tbe chief point, if there be one, to be gained in 
the arrangement of the material is, to distribute it pretty equally over the furnace, not allowing 
all the large material to roll outwards, and the small to occupy the centre of the furnace, or nee 
versa: for it is supposed the ascending gasea will puss through the more open material of the 
furnace to the injury of the closer : thus the two reach the active region of raluction in different 
statos of preparation, and the operations of the furnace are interferSl with. To provide for this 
contingency, which is met in an open-topped furnace by filling at the sides at three, four, or even 
six pointa of the circumference of the throat, allowing the material to slide inwards 2 or 3 ft. on a 
sloping plate, it was cousiderod expedient in the present instance to make tbe filling aperture as 
large as practicable ; it was therefore made 6 ft. 6 in. diameter, as shown in Fig. 717, so that the 
material tends ia arrange itself in a circle a little outside the centre, thus correcting the tendency 
of large material to roll outwards bj cnosing a similar tendency lo roll towards the centre also. 
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This point b ^ned In one oT the atinplest method* in om for cloiing thb top of « blaiH fnmsoe, 
where a oone i* used to lower into the fumue for flUing ; but it is lecured at the expense of the 
height of material in the famaoe. A oertun height la neoe«aary for the efBcient working of th« 




fmnaoe, and if this be diminished it most be at the expense of fuel in the famaco, since the 
ftbtorption of heat from the gases depends on the height of material through which they have to 
pnsB up: if thia be diminiihed, the gaseii ieeuingfrom the throat of the furnace will escape at a 
aigber tempemtnre ; if increased, at a lower. 

But there is an important difference to consider in the mnditions of a closed and an open- 
topped fnmace, to which Cochiaae is not awara that attention has hitherto been drawn; a 
d^erence which acts somewhat in favour of the open-topped furnace. The wnrkinfi; of the fumaoes 
themselves seems to show that an open-topped furnace is less sensitive to irregularities of moisture 
in the material, quantity of limestone, size of nuterial, and so on, which can be accounted for on! j 
by the fact that Ibe open-topped furnace has the advantage of a large amount of surplus heat, due 
to the combustion of tbe wa^te gases at its tbroat, which svrvea to dispel moisture and catcine the 
limestone, and helps to warm up the large pieces of ironstone : all of which operations in the close- 
topped furnace are effected only at a lower point of (be furnace, (bus necessitating a larger con- 
sumption of coke. With tlie same proportion of ironstone to iimenlone, it has been found to require 
aboDt 10 per cent, more fuel to produce the same number or quality of iron in a close-topped than 
in an open-topped furnace. In the close-topped furnaces the gases pass away at a temperature 
of about 450° Fahr. : whilst in the open-topped a temperature of between 1000° and 2000° u 
generated in (he throat of the furnace by their combustion. 

In comparing the eitta quantity of coke consumed in a close-topped blast furnace with the 
saving in coala for the boilers and hot-blast stoves, it is obviona that the economy to be derived 
by takiof the gases off depends on the comparative value of coke and coal. In the Middlea- 
boroosh district, where coal is expensive, it is an undoubted somce of economy ; where coke is very 
dear, however, and small ooal can be obtained at a mere nominal cost for boiler and stove pnrpoMi, 
the use of tbe waste 
gases would pos- 
sibly do little more 
than compensate for 
the outlay involved. 
Here, no doubt, is 
one source of the 
variety of opinion 
entertained in va* 
rioua districts as to 

log off 1 
Cochrane'! eiperi- 
enee at Uiddle»- 
borough has been, 
that the waste gsaea 
can be taken off 
without affecting 
the quality of the 
iron prodnoed, 
though at the ex- 
pense of more fuel. 

The mode of closing the fumaoe-top and taking off the gases at the writer's works it shown in 
Fig. 717. The top of the furnace is closed by a light circular wrought-iron valve A, 6 ft. 6 in. 
diameter, with sides tapering slightly outwards from bebw, as shown enlarged id Fig. 718, to admit 
of being easily drawn up through the materials, which are tipped at each charge into the external 
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■pMeB. Topnrent exoeniTewMrupoiithebDd]rofthenJve,BhleId-p1atesareattMhedmtfDQr 
points of ib cLTOaniferenoe, agtiiut which the m&terial Btrihea as it rolls oat of the barrowi. An 
umolar ohkinber C enciroleB the throat, trjon^ar ia section, into whioh the gas poon through tha 
eight orifloes D D bom the interior of the furnace, and thence paaaea along the rectangul&r tube E 
Into the chamber F. At the extremity of the tub« E ia placed an ordinary flap-vaJTe opened hy n 
chain, by meena of which the com muni ration between the furnace and the deaceoding gna-msin Q 
maj be oloeed. The valve A is partially counterpoised by the balaneo-woighl at the other ex- 
tremity of the lever H, and ia opened by a winch I when the space B is gaffirienliy full of materiala. 
At the time when the blast is shnt off for tapping the fiimoce, the gas enspra dirfct into the atmo- 
iphero through the Tcntilatuig tube K, which is connected by lavorsL with the blast inlct-TsIve below. 
Fig. 719 shows the connection between the fumaoe-top and the hot-blast atovea to be heeted b^ 
the vaMte ^aea, which pass down the descending main G into the horizontal main H numing 
puellel and close to the line of stoves N, from which desoend smaller pipes O to each stove, as 
abowD in Figs. 720 and 721. The mpply of idr fot burning the gas in the stoTra ia admitted 




through the three tnhea P, and can bs regnlated at pleasnie by the raronlar slide ol 
of the tubes, which baa to apertnre ooneqxmding to each tube, and is planed on the rubbing face, 
as ia Edso the surface against which it works, in order that the alide may be sufficiently air-tight 
when closed. The ignition tak« f lace where the air and gas meet, the ignited gas streaming into 
the stove and diffusing its heat mufonoly over the interior. An important element in the working 
of an apparatus of this description is to provide tor explosions, which mnst take place if a mixture 
of gas uid air in certain proportions is ignited. To provide for this contingency, eacape-valves B 
are placed at the ends and along the tops of the main tubes G and U ; but to prevent explosions as 
far as possible, the ventilating tube K, Fig. 717, is need at the lop of the fomoce, connected with 
tha blast-valve at the bottom, so that when tha valve is dosed, as at casting time, the act of doaing 
opens the ventilating tube, and allows the gas to pass away diject into the atmosphere. The gas 
WMild otherwise he in daoger of slowlv taizing with air passing back through the stoves or other- 
wise gaining aooeas into the tabes, ana would thus give rise to bd exploekm. Until the ventilating 
tube was piovided, it was neososory to lift the valve A doaing the moath of the fomaoe when the 
blast was taken ofl^ otherwise slight eiploaions look plaoa from time to time. 

In the nse of Dnrham nikes in the blast f unaoa, an inoanvaiieDca arises ham the large deposit 
which takes place in the passage of the gas from the fumaoe and in the stoves and boilers. Vadtr 
the twilets this deposit is a great objection, as it is a vet? bad oondootor of heat, and needs to be 
freqoentlj removed : in the stoves it is not so objectionable, tboDsh these need a periodioal 
deansing. The deposit does not arise atlogetber from the ookes, it is true ; and it may ba inte- 
resting to know its composition, whidi Is as follows ; — 

Biliea 18-86 

Carbon 16-1* 

Alnmina 13'87 

Snlphate of lime 13-Gl 

Lime 11-01 

Protoiideofiino .. .. » 10-81 

Peroxide ot iron 801 

Protoxide of manganese 2-96 

Potash 2-13 

Protoxide of iron 1-25 

Magnesia ]-25 

Chkride of sodium .. ..' 060 

100-SO 
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At tk tempeTBture or upvftrds of BOOff' this mUtnre melts it 
line ; bat there sre no Bigos of rnrioD Bt the tempereture piodm . „ „ - 

the stoves, which miut rooffhl; approlinuite to that of melting iioD, from the reanlta of a feweiperi- 
menta made to aaoartain this pomt : though thin pieces of cast iron were not fairl; melted down, 
the; reached the rotten temperature, which is ont^ a few degrees below melting, and gave fiuther 
aigni of nearly melting by throwing off sparks when quicUj withdrawn &om the stoves and atniok 
' it another object. 
le siwB, that he boa be«rd it ataerted that the closing of the top of the fomace is tho 
wraroe'oi miaohief to its working b; produeing a back-pressure in it. Under ordinaij circnm- 
ttancea, with the fnmace-top open, Uie blast enters the tayeres at a pressure ranging from 2} to 
8 lbs. a aqnaie in. In the present cloee-topped fumooe there are eight outlet-orifloes D, Fig. 717, 
each 2 ft. by 1 ft., giving a total area of 16 sq. ft. for the passage of between SOOO and 6000 cub. ft. 
of gas per minute, raised to a temperature of 450° Fahr. ; and the actual back-pressure of the 
gas, aa measured by a water^uge inserted into the closed top of furnace, in from J to ) in. column 
of water, or about ^th or ^va of a lb. the aq. in., an amount ao trivial as compared with a 
pretstire of from 2} to Stbs. aa to be unworthy of notice. Of cotuse, if the tabes are oontnkoted in 
Bile, a greater back-pressure will be produced ; and It ia qiiite poasible that where attention has not 
been paid to the ciroumatanoe, the baok-pressure may have interfered with the working of the fbr- 
naoe by preventing the blaat entering so freely. 

As n^Bida eoouomy in the wmt and tear of hot-blast stoves of the ordinary constmction, there 
can be no question the pipes last much lon^ when heated by gas, provided the temperature 0( the 
■tore be Mrefnlly watched to prevent its rismg too high ; whilst the value of the same heating surfaoe 
oompared with its value when coals are used is greatly inoreaaed, owing to the tmiform di^butioii 
of the Ignited gases throughout the stove. In the use of the gssee at Cochrene't worka, this economy 
of surface ia nicb that two stoves healed by gas will do the work of a little more than three heated 
by coal flres. 

On the Working and Capacity ef Blast Fvmaoei, in the Proceedings of the Inst. H. B. (1864), 
C. Cochrane further observes, — referring to Fig. 722, wliich shows the original ooustruotian of 
elosed - top and lifting - valve for j^ 

charging, the materials for the 
charges being filled into the ex- 
terior space B surronnding the 
charging-Talve A, which is drawr 



, . o the position shown by the *f 
dotted hues for allowing the ma- 
terials to fall mto the furnace 
while the gas is taken off frem err 
the fumace'top by the passage E, 
— that the usual plan of closed 
top adopted m blaat fnmacoa la 
that repreeented in Fig 723 in 
which it will be seen that the 
materials are filled m against a 
lowering cone C plaoed m the 
throat of the furnace, which on 
being lowered into the position 
shown dotted, permits their fall 
into the furnace The tendency 
of the matenal in thu case la to 
roll outwatds from the charging 
eone to the side of the fumaoe. 
Mid thenoe back again to the 
centre, as shown in the drawing 

It was thought at the time of 
adopting the plan shown in Pig 
722, that the height of the mate- 
rials carried by the aame furnace 
would be increased, and that a 
corresponding economy in con- 
aumptioQ of fuel would result, 
owing to the cirenmstance that 
where the plan shown in Fig. 723 
ia adiqited, the level of the mate- 
rials murt always be maintained 
at s oertaio distanM hebw the top, to ensure the fall of the cone C at charging time. The plan 
shown in Fig. 722 was devised with due regard, as it was thought, to the arrangement of the 
materiaU in the fonaoe; and it was intended that they should arrange themselves as shown by 
the dotted line in that drawing, part of the larger material rolling to the outside of the furnace 
and part to the oentre. 

As long as the furnace coald be k^ bo full as to ensure the arrangement of materials abovm 
1^ the dotted line in Fig. 722, theie was no reason that it should not work uniformly ; but the 
ivaotlcal reault was that it waa found impossible to keepthe furnace sulBoiently full to seonn 
the distribution of the materiaU in the manner intended. The level of the surfaoe of the materials 
wu Miniu!»lly below that Intended, the oonaeqnenoe of whioh was that the material on falling into 
the ftinuoe waa shot into the centre, from whenoe the largest pieces rolled outwarda, and the 
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whole obMge ananged itself as thown by the fall line (n Fig. 722. The remit of thtaVM 
iiT^fulftr working of the furaaoc oyer a period of msnj months, daring which ui eipUnation of 
the irregularity woa in vnin sought for. At oae time it was thought the biick-piesaure of tha 
eaoapinf; gas had something to do with the irregukrity ^ at annther the cause was Bought for 
in the difficulty of keeping the ho]ipcr-valve A of the furnace tight, and the necessity for usiu^c 
BDiall material amiind the valve, aa a kind of late between every charge, to prevent the escape of 
the gas; until it 0R:urred to C. Coeliranc that the armngement of the materiale in the furnace 
was the sole eipUnation of the difficulty, and that aa all the maleriHl was shot into the centre of 
the furnace, the small pieces would remain thero, whilst the large would mil to the ontaide. 
Believing tliat it was of great importance, in order to secure uniform results, that there should bo 
a, uniform distribution of the heated gas from the hearth over the entire horizontal area of the 
furnace at each stage of its height, he considered that the effect of any small material bein^ 
collected in any portion of the area would be to obstruct the passage of the gns at that part, and 
«o prevent that portion of the nintcrial from being heated to its proper degree of temperature. 

Deeming this to be the explanation of the irregularitiei experienoed in the working of the 
furnace, Cochrane devised a method of distributing the material so as to prevent such a result, by 

ide theth- ' '"^ ' 



D, Fig. 724, suspended inside the throat of the fnmaoe. 




the introduction of a frustum of 
which was found to be all that was 
neoessarv. The materials then 
arranged themselves in the desired 
manner, aa shown in F g 724 and 
the result has since been a perfect 
oniformity in the working of the 
famace. Where previously a yield 
of foundry iron from the same furnace 
oould not be relied upon for more than , 
about 24 hours at a tune, and the I 
annoyance waa mcurred of the fur ' 
nace suddenlv changing to »iiite 
iron, the production of white iron 
except when desired is now unknown 
A considetation of these facts will 
lead to a fair estimate of the imp( rt- 
ance of the arrangement of the ma- 
terials in a blast furnace Anything 
that oppoaea the free passage of the 
ascending heated gas at any part of the furnace must direct the gas into another channel, and the 
materia! thus left inBufflciently acted upon finds its way into the neartb at a low temperature, and 
white iron is the result. 

The effect produced on the distribution of material by this internal frustum of a otme ia 
obviously similar to that of the ordinary lowering-cone when lowered, shown in Fig. 723; and the 

latter has now consequently been flnally adopt5 at the Ormesby Itoa Works r" "" ' 

form of the arrangement, and is now being carried out there. 

The most perfect action of a blast furnace C. Cochrane oonceires to consist ir 
of the highest temperature needed for the production of th^ required quality of iron, in a layer oi 
stratum as little removed from the tuyeres as poeaible: and the gradual absorption of the heat 
from the ascending gas by the materiaia through which it passes, until it leaves the throat of the 
funaoe at the lowest possible temperature. Anything which tends to cause a more perfect 
absorption of the heat developed in the hearth, or to lower the level of the region of highest 
temperature in the furnace, will thos be beneQcial. 

With regard to the absorption of the heat from the gas, it is obvioni that the hatter the 
temperature at which the gas escapes, the more wasteful most be the effect: and theoretically 
the neight of a furnace should be increased until the temperature of the escaping gas is reduced 
to that of the materials on their introduction into the furnace-top. This is the theoretical limit to 
the height of a blast furnace : but it must not be forgotten that the less the difference la temp&; 
rature between two bodies, the less rapid is the communication of heat from the hotter to the 
oooler ; hence for the absorption of the last few degrees of temperature from the ascending gas a 
much greater height of material is necessary tlian where the gas and the material differ nuire 
widely in temperature. Already with 50 to 60 ft. height of blast furnace in the Middleeborongh 
district the temperature of the escaping gas does not exceed 500' to 600° Fahr, ; and it IB a 
question to be answered only by experiment, how for the gain from the heights of 70 to 75 R. 
already accomplished at Middlesborougb, and further heights of 10 or 20 ft. additional that are 
contemplated, will compensate for the extra work in raising the materials to the additional height 
and for the more substantial plant required. In the direction of height there is unqueetion^ly 
on this account a limit which will speedily be attained; supposing the limit be not previoiiBly 
determined by the necessity for increaaed pressure of blast and by the increased difficulty in 
working the fumacea. 

Taking off (A» VFoKa Ooj fmrn Opm-toppfd Bitot Fumacn, bt/ Georijt Addtnbrooif.—V/e take the 
ancceedinr account of this method from the Proceedings Inst. M. E. :— Writing in 1865, Addenbtooks 
observes that the utilization of the waste gas from blast funiaces has now become not only an 
accompliabed fact, but a great commercial success, and consequently an important part of fomaoe 
management. This gas, or rather mixture of gasea, issues iu large quantities from all the inter- 
stices between the last charge of moterials in the furnace-throat ; and it passes off with such 
rapidity as to prevent a sufficient mixture of air taldng place to render it inflaniniable nntil it has 
riMQ to some little height above the top of the matori^ in the furnace-mouth. As sdmi, however, 
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'1M this mixture of air takes place, a very consideiable portion of the gas ib Ooncnimed, in the 
oase of the ordinary open^topped furnaces tlkat do not utilize the waste gas. This combustion 
develops a great amount of heat ; and the question therefore arises, how can the waste gas be 
made further useful, without in any way injuring the yield, the working of the furnace, or the 
quality of the iron made ; for if any injury were occasioned in either of the above respects by 
taking off the waste gas, the utilization of the gas ought certainlv not to be attempted. It is 
evident that there must always be an escape of surplus gas from the top of the materials in the 
furnace-throat, from the consideration that the heat in the lower part of the furnace distils off 
the gas from the fuel in the upper part; and this gas, not meetmg with a supply of oxygen 
inside the furnace, passes up uncpnsumed to the furnace-mouth, where, upon mixing with the 
external air, it bums away to waste, unless taken off previously in <»der to be usefully burnt 
elsewhere. 

The utilization of the waste gas has been extensively carried out in two different modes, each 
capable of being applied and worked in several different ways. The one mode is known as the 
Close-top system, and the other as the Open-top system. 

Addenbrooke was of opinion that the waste gas ought to be utilized for the followino^ reasons, 
'liamely, that a furnace would work to better yield where the gas was utilized, and wim greater 
regularity as to the quality of iron made ; and that there would be a very considerable saving in 
repairs to hot-blast stoves and boilers by heating these with the waste gas, together with greater 
regularity in the heat and pressure of the blast, because of a more even temperature being 
maintained imder the boilers and in the stoves ; while there would also be a considerable saving 
in wages, and the men would be made more regular in charging the furnace. 

The principle upon which the waste gas is token off in the case of the close-topped furnaces is 
that, by keeping the furnace-top dosed, the gas must necessarily pass away through any openings 
which are made for its escape, and may thus be made to travel even to a distance of more than a 

?[uarter of a mile ftom the furnace, as is done at the Dowlais Iron Works. In the open-topped 
umaces the idea is that, after the gas has done very nearly all its work in the furnace, on 
Biriving within about 5 ft. of the top of the materials in the furnace-mouth the greater part can 
be drawn off from the furnace by applying a mild suction, and employed to advantage for heating 
'purposes elsewhere ; at the same time, as no considerable amount of force is used for drawing off 
the gas, either by the suction of a chimney or otherwise, all surplus gas generated in the furnace 
beyond the amount drawn off escapes at the open top of the furnace, by passing up through an 
average of 3§ ft. depth of charged materials above the point of taking off the gas. 

The open-tom)ea plans of taking off the waste gas may here be divided into two classes: — 
those taking off the gas at a less depth than 5 ft. h^low the top of the materials in the furnace- 
throat ; and those taking it off below that level. In the former the gas is taken off with due 
'regard to the effect on the vield and working of the furnace ; while in the latter the utilization of 
•the gas is made the chief ooject. 

ik order to carry out the utilization of the gas without risk of interfering with the snoeessful 
working of the furnace, it is of very great consequence not to take off the whole of the gas, but to 
leave a certain portion always to escape at the furnace-mouth, so that it may continue the process 
of preparing the newly-charged materials, and begin to dry and wann them immediately upon 
their being charged, and also prevent any downward current of air taking place from the furnace- 
top. Such a downward current of air must necessarily take place frequently, where the whole of 
the gas is drawn off; as the chimney-power requisite for this purpose would be quite sufficient to 
draw down the air through the average depth of 3^ ft. of materials in the furnace-throat above 
■the gas-openings, at any time when there was not an ample supply of gas to be drawn off. The 
result would then be that where the ascending gas and the descending air met in the furnace a 
bright flame would be produced, which taking place amongst the fuel must occasion a very serious 
loss, by causing combustion of the fuel before it reaches the part of the furnace where its com- 
bustion is useful; and it appears doubtful whether fuel thus once lighted would not continue 
smouldering the whole of the way down in the furnace. On the other hand, if the fuel is properly 
•covered in the upper part of the furnace by a sufficient depth of materials, so as to be protected 
from the air, Addenbrooke doubts whether it will begin to bum till it reaches the zone of fusion, 
where it then changes from a mere highly-heated state to one of active combustion caused by the 
presence of air supplied from the tuyeres. He believes that in the fact of covering up the fuel, 
without ignition being allowed to take place, lies one of the chief sources of saving in the yield of 
the fuel ; and he considers that it is this alone, in the close-topped furnace, which to a very great 
extent makes up for the loss of yield of fuel that must inevitably result from the use of the close- 
topped system with its consequent ba<^-pressure. This saving, however, is more than oounter- 
' bedaubed by the fact that neither drying nor warming nor any other preparation of the materials 
'can be carried on in the close-topped furnace except by the heat of the gas coming up from below. 
Were it not for the back-pressure produced in the furnace by a closed top, this system would 
doubtless work to a much better yield than the open top ; but the entire prevention by the closed 
top of any drying or warming of the materials taking place until they have descended some 
•distance within the furnace is a serious objection, in G. Addenbrooke's opinion, to the close-topped 
plan ; whilst, on the other band, in a well-worked open-topped furnace the preparation of the 
materials begins at once upon their being charged. Moreover, there is no way of so regulating 
■the driving of a furnace or rate of descent of the materials in the interior as that in every hour the 
furnace shall take the same quantity of blast ; but whenever the steam-pressure happens to rise 
above the average, causing the engine to force more blast into the furnace, or whenever the 
materials happen to lie more open in the fumace, or to be drier, an increased driving of the furnace 
will be occasioned, which will give an increased production of gas to pass off from the fumace. As 
this larger ^uanti^ of gas has in the dose-topped furnace to pass off through the same openings 
which previously carried off a smaller quantity, the result must be an increase of the back- 
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preflsnre in the f oniaoe ; whereaa with an open top the surplus gas readily eaoapea at the month 
of the furnace, without producing an^ back-preasure inside the furnace. Another objection to the 
closed top is that the pressure oominK from the lower part of the fuinaoe will cany off with it 
from the furnace more dust than would be drawn off by suction* 

The requirement in the utilization of the blast furnace waste gas appears therefore to be an 
open top where the fuel can be buried or covered, without its being ignited to any material extent 
either by the escaping gas, or, worse still, by the gas bein^ drawn off so completely from the fur- 
nace-throat that air is drawn down also through the materials, causing a hidden fiie to be raging 
beneath the surface of the materials while eyerything seems to be going on well. Addenbrooke 
states that he has frequently seen the gas drawn off so completely that a man could walk inside 
the mouth of a large furnace while the blast was on ; but experience shows that such a state of 
the furnace-top is altogether wrong, and if ever it occurs, the main gas-valve ought at once to be 
closed sufficientl jT to ensure some gas passing off at the f umaoe-top, in order to begin the prepara- 
tion of the materials and prevent any downward current of air. 

The level at which the gas is taken off from the furnace is a most important point, as in effect 
the working height of the furnace nearly terminates at the level where tne gas is taken offL The 
most satisfactory working that Addenbrooke has known of a blast furnace has been where 
the gas was partially and not wholly taken off, and at a depth of 4 ft. 6 in. below the top of the 
materials, hk one case that came under his experience, one of Darby's bells was used very sno- 
oessfully for a considerable time, taking off the gas at a depth of 4 ft. 6 in. below the top ; but 
when it became necessary to change it, the new bell was inserted to a depth of 5 ft. 6 in^ in order 
to give the fillers a little more ranee of leveL This was, however, found to work so much less 
satisfactorily, that it was altered badk again to the original depth (^ 4 ft. 6 in. 

The very great sensitiveness of k furnace to the least lowering of its working height is undoubt- 
edly the cause of more than one-half of the mottled and white iron that is miuie where grey forge 
or forge-iron was expected. The change is usually caused by delay in filling, most frequently ai 
night, when the men often neglect their work, and allow the furnace to drive, so that the surface 
of the materials is lowered a considerable distance ; and the effect is then observed about three 
casts later by the production of mottled or white iron. The worst consequence of this neglect is thai 
the furnace manager then finding white iron made, probably alters the burden at once in order to 
correct the fault ; and, after charging it up to the next casting time with either less oire or more 
fuel, he probably finds this next cast all right, and therefore alters the burden back again ; but in 
another cast or two comes the iron made from the lighter burden, rather too grey to suit the pur- 
poses it is wanted for. With a closed top there can be no check upon irregnilarity in filling, day or 
night, except by constantly watching the filling. But in an open-topped furnace, where the gas 
is taken off through openings not lower than 5 ft. below the top of the materialB, if the filluig 
were delayed more than half-an-hour, the greater portion of tiie gas would beg^ to escape at the 
furnace-mouth instead of being drawn off through the gas-openings, as the surfiioe of the materials 
would be lowered nearly to tiie level of the gas-openings. The fillers' neglect would then be 
detected by an increased flame from the furnace-mouth, and by the supply of gas to the boUers and 
hot-blast stoves falling short ; and they would be recalled to their duty by- the risk of all ooming 
to a standstill from stoppage of the blowing engine. 

This great sensitiveness of blast furnaces as to being kept charged fuU appears to snggost 
strongly the doubt whether the Staffordshire furnaces are now as high as the fuel would allow of 
their bieing worked profitably ; and whether a gain of yield would not be found to result from 
raising the furnaces. The present height of from 40 to 50 ft. in Staffordshire has been increased 
in the Cleveland district up to 80 ft. and more, and it is considered the limit of height has not yet 
been arrived at in that district. There is no doubt that the Staffordshire fuel would not stuid 
any very considerable increase of height, on account of its friability ; but it would at least be 
desirable to ascertain by trial whether some increase of height would not be beneficial. 

The result of the previous inquiries in which Addenbrooke was engaged as to the best mode of 
utilizing the waste gas from blast furnaces was the adoption of the open-topped plan, with Darby's 
bell inserted in the neck of the furnace to a depth of 4 ft. 6 in. below tiie surface of the materials. 
This plan was applied to two furnaces at Darlaston ; and in carrying it out the special points 
attended to were to provide a large gas-maim a large chimney, and large fluest to the chimney. 
For this purpose the gas-mains were made 5 ft. diameter, the chimney 10 ft. diameter insioe 
throughout, with a height of 160 ft., and the main flues to the chimney very large, 5 ft. high to the 
crown of the aroh and 4 ft. 6 in. wide ; and experience has shown that these dimensions axe none 
too large. 

The two furnaces continued at work on this system till September, 1864, when the heavy cost 
of repairs and renewals, with the consequent stoppages and loss in wages, led G. Addenbrooke to 
design the plan which is shown in Figs. 725 to 731. Fig. 725 is an outside elevation of the furnace 
to which this system is applied. Fig. 726 is a vertical section of the same furnace, showing the gas- 
openings A A from the furnace into the neck-flue B, and the gas branch-pipe with stop-valve O 
for connecting or disconnecting this furnace from the range of gas-main. JPig. 727 is a sectional 
plan of the furnace taken through the gas-openings A A and neck-flue B. Fig. 728 is an enlaiged 
section of the furnace-top ; ana Figs. 729, 730, 731, show a vertical section, outside elevation^ 
and sectional plan of one of the segmental boxes or gas-openings. 

These gas-openings or boxes are made of cast iron, and allows of the openings being made so 
wide that their combined area of passage is amply suflBcient for the passage of the gas, without 
the depth of the opening being more than 15 in. ; in consequence of which they do not require 
to be inserted lower than about 5 ft. down, and still leave a fair height of 4 ft. above them for 
variation in the level of the top of the materials charged. The boxes are cast very strong, as shown 
in Figs. 729 to 731, and the openings through them are made at such a slope that not^g except 
very light dust can be carried through them by the gas in regular working, unless it be a bit of 
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B coQlinuoiu ring of openings round the fumaoe, as shown in the pUn, Fig. 727, having the lower 
end of the alopea opening into the fnmace ftnd the upper end opening into the large external 
gns-fiue B, Fig. 728, which imrrouDdB the neck of the furnace. Tbeee castings take the place of 
80 many cootmb of lining bricks, and aftei they have been flied, the lining flie-bricks are oon- 
tinaed above them to the 

top of the furnace. Conai- '*T. 

deling theii atrength and 
situation, the oaatinga ap- 
pear likely to be tdniost 
permanent. As they 
atond flush with the face 
of the lining, the whole 
area of the throat of the 
tujnace is left free for 
charging ; and when the 
furnace ia full, and any 
portion of the gaapMsing 
oflT at the anrfoce of the 
niBterislB, DO damage can 
be done to the openings 
or any part of the gaa 
apparatns. In cue of 
the top of the materials 
sinking below the gas- 
openings, any damage is 
prevented by gbutting the 
gas-valve C at once, when the whole of the gas will be bnmt at the nmatb of the fnmMe, but 
without injury occurring to any part of the apparatus, as ia unavoidably the case with the wrought- 
iron gas-main proceeding from a boll inserted in the top of the furnace. 

The large gas-flue B snrrounding the neck of the ftunaee is lined with fire-brick, and ia i ft. 
3 in. high to the crown of the aroh, by 8 ft. mean width. The outside of the fnmace &om • little 
below the bottom of the flne npwaids is cased with wrought-iron plates, to which ii flied a light 
iron gallery D for the coavenienee of cleaning out the flue B. A aeriea of openings EE are made 
in the outer side of the flue all round, as shown in the plan. Fig. 727, which are cloeed by pieoei 
of boiler-plate, daubed with moistened flre-clay, and held in their places by crossbars aiid wedges ; 
by means of theee the whole of the neck-flne cau be cleaned oDt in a few minutee anv time 
that the blast is off the furnace. The bottom of the Sue ia placed at a lower level than the bottom 
edge of the gas-openings A A, Fig. 728, in order that the dnat carried over with the gas may bo 
allowed to accumulate in the flue, so long as it does not interfere with the gas-openings, and it oan 
be easily cleaned out when required. Experience of the working of this plan of fumaoe-top provea 
that, from the increased area of the gafr«penings as compared with other plans, the gas doei not 
pass nearly so rapidly out of the furnace, and, conseqnently, has not the power to carry DMrly w 
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much dual into the flae. The ieotionftl plan, Fig. 727, Bbowi that then tie flftmn gat^bpentiigB 
AAronnd the neck of the furnace. 23} in. wide and ll^ in. high on the Bqnare, e«h giving 270 
«q, in. cleai opening, making a total area of 4050 sq. in. for drawing off the gas : whereas the angle 
oential opening of the bell of 4 ft. 6 in. diameter previously worked in the game funiftoe, which was 
as Urge asizeMOonldbeoonvenientljnaed, gave an area of only 2290 aq, in. for drawing off the ga«, 




or only 56 per cent, of Ihe area now obtained with the present neck^peningi. As the Ksa-opotii^ 
give a total area of 4050 eq, ia. for the passage of the gas, while the descending gHS-nuin supplied 
by them being 4 ft. )> in. diameter has an area of only 2290 M. in., the velodty of the tmrrent of 
gas through the openings is neoessarilj only half what it wonld be where a bell or centre openmg 
is used for drawing off the gas, as in the latter case the gas-opening to the fomace cannot be made 
of larger area than the descending gas-main of 4 ft, 6 in, diameter. 

NotwithstaDding the tempoiary kind of construction that was adopted for trial in the first fiir- 



) ; and, though the plates 



Mid also to the effect caused b; cloeing the valve on the top of the deeoending gas-m^n, w that 




I na or flaine ocnld then nua outwards thmugh the openings, as there was no longer any enrreni 
<&aw the beat through the openings. Had a bell been at work in the centre of the fnmace-top 
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*' Aa the gtiopmlngsue iiowbut,'w'ahaimliiFigi.'729,'7S0,781, It'iiwiUciptiel'tb^ will 
Btanil for m&iij yeera. 

Vetaih of Bloat Fumacfi. — Fig. 732 shows plan of hearth of blast furnace at Flyiiunith Inn 
Worka. Fig, 733, plan of bearth of blast fornaoe at Rhjmaejp Iron Works. Fig. 734, horizoDtol 
BBCtion through hearth at level of tuyeres, showing tajreres and pipes in poeitioD, of large 13 fl 
blast famaoe, DowUle lion l^olka. Fig. 735 represents seottonal plan of hewth of onpola fnniace 




at Dowlaifl. Fig. 736 is a Tertical section, and 737 plan of lienrth of Aberamman fumiuw, shtrwing 
tujereHjpnningB both in sides and breast ; Fig. 738, plan of hearth of blast furnaces, Oldbnry Iron 
Workf r Fig. 739. section of vnlve-chost, with three passages, placed on blast-pipes of hot-blaat 
fumacee, to direct the blast either through the stoves or at onoe into the fumacea at pleasure. 
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Figs. 740, 741, Bhow & nction and pkn of B (undar-fhU, in which la fixed Bmonghf-ironemieC: 

a (SAt-iron plate hanng its upper edge lerrated to faoilitAte the ramov&l of large maaacB oT cinder ; 
a cast-iron trongh A, sboat 6 ft. long, to convef the flnld metal from the tapping-hole H, to tha 
casting-bed or refiner; B, B ; two ttonghs a a are Qzed on the eiuder-bed, for guiding the flnid 
einder.into the tnba (. ^^^^ 

TeriouB pliuiB for collecting fnmace- 
KBgee are efiown in Figa. 742 to 716. 
In Fig. 743, the cnp, which is a fannel- 
ahaped casting equal in ita largest 
diameter to the throat of tha furnace 
and 4 or 5 ft. deep, rests npon the top 
of the furnace b; a flange round ite 
outer edge. The orifice at the bottom 
mesmres &om S to 5 ft. in diameter, and 
il closed b7 a oonical casting, with the 
apex upwards. This casting is sus- 
pended b; a chain from a lever which 
IB counterbalanced at the other end. 
The materials are filled into the cup, 
and tha workmen, by suitable gearing 
alBxed to the lever, lower the cone, 
tud the materials fall into the furnace, 
and the stopper is restored to its place 
by the counterpoise on the opposite 
end of the lever. 
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AntHher p]an, Fig. 744, which haa also been extendvelT adopted, ooiuuts of a Ud fltting closely 
to the Furnooe : this lid la lifted by metuu of > oonutecbBlance weight W, on each nxaaion of 
charging material*. No redaction in the working height of the furnace i^ ctiuaed by this anange- 
ment, but the time dnriog wiiich the throat is open while 
the oovet is being lifted, the materials fliled in, and until ^'t- 

it u again shut close, ia very prejudicial to the quality of 
the gas. It U oommonly stated, aaya Tmran, that no gna 
passes while the cover i« up; bnt this is an error: the 
same quantity of gas is evolved from the furnace whether 
the cover be open or closed ; but if it is open, a large 
quantity of atmcepherio air also passes into the pipes, 
iQcreesing the bulk of the unprofltable gases, and thereby 
reducing the heatii^ power of those that are oombnatible, 
as well as endangering the apparatus by oanaing a great 
increase of temperature in the pipes. 

A third plan, Fig. 742, in uae at some works la very 
readily applicable to exiatLag furnaces (1S62). An iron 
cylinder of 6 or 7 ft. in depth, and 6 or 8 In. smaller in 
diameter than the throat, is sunk into the furnace ; a 
flange on the lop, which rests upon the brickwork inside 
the tunnel-head^ fonna a joint and snatains the cylinder. 
The annular space between the cylinder and furnace 
underneath the flange and above the materials forms a 
chamber for the ascent of the gases, which are conveyed 
away through a suitable pipe or tunnel. 

This plan also has its disadvantages. The duration of the cylinder is subject to great variation. 
In some cases it ia burnt down in two or three weeks, and, under more &vouiable circumstances, 
seldom lasts longer than a few montlia. The cost of the cylinder, and the delay and expense 
attending ita so frequent renewal, are formidable items in the working cost of this plan for 
collecting gaa. 

This method is also subject to the disadvantage of reducing the working height of the fWnaee. 
The cylinder, says Tmran, is kept f^U of materials, it is tme ; but they receive very little heat 
while they are in it as the hot eases are drawn into the outside flues, and do not enter the 
cylinders. It must be conceded that the capacity, and consequently the smelting power, i^ the 
furnace is diminished by the space occupied by the cylinder and chamber for oollecting the gas. 
If the cylinder ia imineraed T ft., one-tenth of the capacity of the furnace will be useless so far as 
the reduction of metal is ooncemed. The defloieucy of smeltiDg power is still greater with the plan 
&st described. 





A fourth plan. Figs. 745, 746, of collecting the gases is conaidered by some engineen as the least 
objectionable. At a convenient depth, geneially 8 or 10 ft. from the top of the nimace, an annular 
flue is conatructed aionud the brick lining, with a number of onJBceB opening downwards into the 
bodv of the furnace. This plan leaves the form of the throat and the anangements for fliling 
analtered. Fmm the descending direction taken by the orifices cnmmnnicatinK with Uie furnace, 
they are not liable to obstruction from the materials, and the supply of gas is probably more tegular 
than with either of the other plana. 
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Fig. 747 shows a front ylew of a einder-falt. A| B, C, Fig. 748, are mmilden' tools. 
Figs. 749 to 753 show ordinary f omaoe-keeperB' tools. 
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OatlineB of blast-fornaoe interiors used at Bhymney are diown in F!gs. 754, 755. 

Fi^. 756 shows the type adopted at Sirhowy ; 757, Ebbw Yale; 758, 759, 760, 761, Dowlais 
Ironworks; 762, Hirwain; 763, Aberamman; 764, Pentyrch; 765, Landore; 766, Staffordshire; 
767, Staffoid ; 768, Tiptoo ; 769, 770, Shropshire ; 771, 772, Corbyn's Hall ; 773, Alfreton ; 774, 
Wilkie; 775, Stockton; 776, Kinniel; 777, Dandyvan; 778, Muirkirk; 779, Yniscedwyn; 780, 
Ystalyfera New Furnace; 781, Ystalyfera Old Furnace; 782, Abemant ; 786, 787, French ; 788, 
784, 785, American; 788, Silesian; 789, Norwegian; 790, Belgian; 791, Prussian; 792, Baemin; 
793, 794, Hartz. 

See Blowing Engines. Fubnaces. Iron. Kilns. Oyens. Ptddung and Puddling Machines. 
BoLLiNG Mills. Squkezebs. Steah-haioieb. Steel. Tuyebe. 
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BLAST-PIPE. Fb., Tuyau de rarefaction ; QKE^Zugrohr; Ital., Tubo di icarico. 

See Details of Enoinbs. 

BLIND ABEA.^The same as an Area^rain^ with the addition of orosB-walls at intervaLa, 
nsoally built to assist the dwarf-wall in supporting the earth at its back. A blind area is inferiur 
to an areardrain, as the cross-walls interfere with the ^ ^^ ^^ ^^ 

circulation of the air. 

BLINDING. Fr., Gravier; Ges., Grobe Sand; 
Ital., Intataiura Inaablfiamento. 

See Roads. 

BLOCK. Fb., Poulie; GsB., Block; Ital., Girelh; 
Span., Pol^a, 

See Pullets. Tackle. 

BLOCK OB BLOCKING. Fb., Thqnet; Gbb., 
Sckleitte; Ital., Binforzi. 

Small pieces of wood fitted and glued into the interior angles of two pieces of stuff to strengthen 
the joint. See Figs. 795 to 797. 
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BLOCKHOUSE. Fb^ BbxiUuru*; Okb., BbxUuua; Itil., Ridotto Coperto; Span., Pahngne, 

See FoBTinoATioK. 

BLOCKING - COUBSE. Fa., L» dasia (Pun comtcA*; Om., Obtrtr ThiU liuM Sitmiat; 
Ital., UUrmi corti. 

BlocltiHii - Court. — Ja mft- 
■oniTi a ooone of stone placed 
on the top of a ooiuioe. 

BLOOM. Fr., Loapt; 
Gbb., FriicUuppt; ItaL., Ma»- 
tUo; Span., Ckawiott. 

A maaa of cniite iron from 
the poddlinK fninaoe, while 
nmtergoinf; Uie flnt hammer- 
ing preTioui to being tolled, U 
tenned bloom. 

BLOOMING MACHINE. 
Fa., Mackittt h dnqler; Gn., 
Pratietrk Frnac; Itai.^ Mae- 
china da far i mauelli. 

The blooming machine, in- 
vented by Jeremiah Brawn, is 
BhowD in Figs. 79S, 799, 800. 
It oouaiatB of three large ecoen- 
trio rolla ABC, placed horl- 
xontallj in the strong hoUtera 
D D, the oentrea of the toUa 
being airaneed in a triangidat 



poeitiDn, and the bottom roll O 
being newl; oential between the 
two top Tolla A B. Theee rolls 



>g newl; oential between the 
' pndlaAB. Theee rolls 
ate in the Buoe direction, 
and are driven by a centre 
pinion E, working into three 
pinions of equal size F F F, 
fixed on the rolt-spindlea. In 
the preemt machine the driving 

Ewer Is applied direct to the 
Horn roll by means of the 
large wheel O, for the oon- 
— ' — e of carrying the main 
aderthenoor """ — "" 



ahaft under tt 



. The rolls 
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these Uanges if 

operation and 1 „ . 

top roll A hoe a larjce hoUov in vbich the puddled ball I is placed bv tha puddlei ; tbia nil 

mrriea the ball round, and dropa it into the apace between the three rolls, as shown in Fig. 798, 

this space being at that moioent at its largest capacity. 

The three projecting points K K K of the rolle immediately impinge apon the ball, and oom- 

C;b8 it forcibly on three sides : and, giving a rotating motion to the boll at the same time, tbey 
ve a powerful kneading action upon the iron, aqueezing out the cinder, which falls down etch 
Bide of the bottom roll. The apace between the rolls gradually contracts, from the spiral or eccen- 
trie form of the rolls, and the iron is subjected to an increasing pressure, until it ie libeiated by 
the points L L L, simiiltaoeouBly paaaing the bloom M, which falls in the direction of the arrow 
at the same momeal that auother ball ia dropped in at tha top of tbe machine. The projecting 
teeth on the sorfoce of the rolls assist this action, by seiziiig the iron and fctn^uling into it as it 
rotates ; these teeth gradually diminish in projection, the last portion of each roll being plain, 
consequently the bloom is turned out in a smooth, tompact form. 

The space between the fiances of the bottom roll is widened for a .short distanoe beyond the 
point L, For the purpoae of edlowing the bloom to fall out readily wid admitting tne fresh 



rolls B : a small pinion on tbe head of each of theae Bcrewe works into a large pinion flied between 
them, which has a horizontal lever fixed to it, carrying a balance-weight O at the end. This weight 
causes a constant equal pressure of the roll, and, if a ball of extra aize be put into the machine, 
ihe screws yield by turmng back and lifting tbe weight to the extent required, so that a large ImII 
may be worked in the same manner as those of smaller sizes. 

A continual stream of water runs on to all the journals in tbe maehine, thus prerenting them 
ftoai heetinc white the machine is at work. 

BLOWIKQ ENGINE. V^,SmSierit; Qm., GtblSK i l-ru,^ Macehina >ofitnUi ; BvkS^Bvfekm. 

See Enoises, Varittiti of. 

BLOWINQ MACHINE. Fh., UadiinetoaffmU ; Oeb., OAiau Matchint; Ital., Maookitia 
loffianle ; Bpan., Bo/tton. 

A blowing machine is a machine or engine for forcing a strong and continuous blast of sir into 
a furnace. 

The first records show blowing cylinders to have been single-acting, that ia, having the power 
of propelling the blast when the piaton was moving in one direction only. Two or more of theae 
blowing cylinders appear to hove been ottached to one crank-shaft, worried by a water-wheel, and 
thus a tolerably stewiy pressnre of air was obtained. When the gradual improvements of the stesim- 
engine and the demand for increased means of manufacture caused it almoet entirely to supersede 
all other power, blowing apparatus appecui to have been accommodated as much as possible to tbe 
steam-engine, SD as to afford the character of engine for tbe time being tbe fullest development of 





to the water-reenlator. Fig 601 which 

appears to have been known at an earlier 

date, there was attached a cylinder B 

Fig. 802, now known as the regulatmg 

tub, which was equal to or larger m 

diameter than the blowing cylinder In 

this was fitted a piston O with a rod 

moving in a guide fixed on the open 

top of the regulating tub the bottom of 

the latter being close, and having an 

open connection to the main from the 

blowing cylinder. Tlie piston in the tub 

was lo^ed at H to the pressure of blast 

required, and in the intervals between the discharges of the blowing cylinder, the dooent of tbe 

piston in the tub kept up the diacharge of ail into the water-regulator, which intervened between 

it and the fumaoe; thus in effect, as far as possible, making the engine double-acting. To prevent 

the pj«ton being blown out of the regulating tab, » l»rge safety-valve wb« attached to the top <^ 
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the rod by a strap, long enough to allow the desired play of the piston, and short enough to lift 
the safety-valve, or snorter, as it is usually termed, if the piston at any time exceeded its limits; 
and the number of strokes of the engine was also regulated oy the tub-piston, as to it the cataracts 
were attached. 

When the double-acting engines of Watt were introduced, the regulating tub was still retained, 
though not nearly so essential a part of the machine as in the former instance. 

The next change that took place was the general abandonment of the water-re^ator, though 
some of these are still at work, or have been within a few years. The reason for this change was 
the discovery that the air in summer, already surcharged with moisture, took up an additional 
quantity from passing over the surface of the water in the regulator, and that this was prejudicial 
to the working of the furnaces. 

When the large area of the water-regulator was shut off, it was then found that the tub was by 
no means such a perfect regulator as it was supposed to be, as the momentum of the engine pcMised 
too suddenly into the heavy piston of the tub, and, throwing it up much beyond the height due to 
the pressure of the air, caused an irregularity<that was even more aggravated by its descent. To 
counteract this, a spring-beam was placed on the top of the tub, so as gradually to check the 
momentum of the piston ; and this had some effect, but not at all a satisfactory one. 

The next alteration which appears to have suggested itself, was the application of large air- 
chambers^ from twelve times to thirty times the area of the blowiog cylinder, in which the elasticity 
of the compressed air acted as the reg^ulator of the discharge ; the tub, with its piston, being in 
some cases retained to work the cataiacts, and as a toll-tale against the engine-men in case of 
their allowing the steam to slacken and the piston to descend. In other cases the tub was dispensed 
with altogether. 

We now enter upon the last change which took place some thirty years ago, namely, the coup- 
ling of two double-acting engines, and double-acting blowing cylinders upon the same crank-shaft 
at right angles, so as to keep up a regular discharge. This effect was in some measure obtained ; 
but an air-chamber, or what is equivalent to it, very large mains, was still required to obtain a 
satisfactory result. 

At this point the realized improvements of the blowing engine stop short, leaving it still a large, 
cumbrous, and expensive machine, and not capable of moving through its valves the highlt 
KLAsno MEDIUM AiB at a greater rate than the absolutely non-elastic fluid wateb is moved 
through an ordinary pump. Under these circumstances it must be obvious that, after all the 
engineering talent that has been spent on this description of engine, there is stiU (if the expression 
may be applied) a wide range of discovenr open. 

The immediate cause of my attention being attracted to the improvement of the blowing engine, 
says Archibald Slate (to whose paper, read before the Inst, of Mechanical Engineers, we are indebted 
for the present article), was the difficulty experienced in regulating one of the old construction of 
blowing engine in the latter part of 1848, having at the same time occasion to employ some small 9-in. 
cvlinders driven by the air of the large blowing engine. These small cylinders, when driving the 
shafting only, sometimes attained a velocity of upwards of 200 revolutions a minute, suggesting the 
idea of the possibility of reversing their motion, and taking in the air in place of blowing it out through 
them; there was, however, a difficulty in the slide-valve, which did not open and shut fast enougn. 
After some consideration, it was agreed that another cylinder should be prepared, the centre-port 
made much larger, and the slide over-travelled nearly half its stroke in excess, which had the 
desired effect ; a cylinder of 9 in. diameter, and 1 ft. stroke, having been driven 320 revolutions or 
640 ft. a minute, discharging the air, at a pressure of 3| lbs. the square inch, through a tuyere of 
I^ in. diameter, or ^th of the area of the blowing piston. This performance was in 1850 more than 
double that of any ordinary engine, the total area of the tuyeres with a 90-in. blowing cylinder, 
being at a pressure of 3^ lbs. about 52 circular in., or tH^^ ^^ ^^^ ^^ ^^ blowing piston. 

We are all acquainted with the tremor which is felt even in the best form of the large-sized 
engines ; but in the experiments at a high velocity with the small-sized cylinders, not the slightest 
jar was felt or noise heard ; it was therefore proposed to increase the speed of the piston in actual 
practice, from 640 to 750 ft. a minute, the length of stroke being 2 ft. in place of 1 ft. ; this is some- 
what under the speed of a locomotive piston at 40 miles an hour, which is about 800 ft. a minute, 
so that it was conceived no difficulty could present itself to this. The proposed speed of 750 ft. a 
minute was tliree times the usual speed of toe blowing engines then in use (250 ft. a minute). 

The construction of the engine proposed by A. Slate is shown in the accompanying drawings. 
Fig. 804 is a plan, and Fig. 803 an elevation of the engine, showing the pair of steam-cylinders and 
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blowing cylinders ; A A are the steam-cylinders, 10 in. diameter and 2 ft. stroke ; B B blowing 
cylinders, 30 in. diameter and 2 ft. stroke, with their pistons C, fixed on the same piston-rods D, 
which are connected to two cranks E, fixed at right angles to each other on the same shaft. The 
slide-valves F of the steam-cylinders are worked by the eccentrics G on the cnmked shaft, and the 
eninks H, at the outer ends of the same shaft, work the slide-valves I of the blowing cylinders. 
The centre-port E passes downwards to an external opening for the admission of tiie air, and the 
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discharge-ports L L deliver into the passages M on the top of the cylinder, which communicate 
with the air-main N hj the chest O formed between the cylinders. The piston of the blowing 
cylinder is intended to be made without any packing, being a light hollow cast-iron piston turned 
to an easy fit ; and the slide-valve of the blowing cylinder to have a packing-plate at the back, 
working against the cover of the valve-box, with a ring of india-rubber inserted between this plate 
and the back of the valve, to give a little elasticity. 



804. 




It appears that 30 in. diameter is about the most convenient size for a stroke of 2 ft. ; and as it 
is considered an advantage to have the stroke as short as possible, to increase the regularity of the 
blast, the comparative cost of the different engines whicn follow haa been taken upon this basis, 
^in. steam-cyUnders and -^in. blowing cylinders being reckoned equal to blow one of our largest 
lurnaces, making 160 tons of iron a week, and }iaving a siuplus equal to blowing a cupola or 
refinery, aa it is generally allowed that such an engine would give at 640 ft. a minute the same speed 
of piston as in the experiments, very nearly 30 circular in. of tuyere, at a pressure of 3^ lbs. to the 
sq. in. The circular inch Ib used in speaking of the area of tuyere, as the blast that any fumace is 
taking ia usually reckoned by simply squaring the diameter of the tuyere, but the pressure is taken 
on the square inch. 

The experiments on which these calculations were founded, having been made in 1849, were 
repeated in 1850, and the results were found to be, as nearly as they could be measured, the same ; 
the blowing cylinder had in the interval been driving the lathes in the pattern-shop, and the slide 
was found perfect. An indicator was applied with a view io test the amount of friction of the air 
in entering the cylinder at the high velocity, and a simple method was adopted of ascertaining this. 
A tuyere was made as large as the inlet-port, and the engine was driven to nearly or ^uite 700 ft. 
a minute, when the gauge showed a pressure of } of a lb. to the square in., and as the friction would 
be the same through the same sized openings at other pressures, it follows that the loss by friction, 
on a pressure of blast of 3^ lbs. the inch, would be -^th or 6| per cent, loss ; as the port in this caae 
was -ji^th of the area, and the port proposed is ^th, it is assumed that the loss would not exceed 
5 per cent, from this cause, or indeed from any other cause, as the friction from propelling the air 
through a given sized tuyere, at a given pressure, must be the same in both cases. 

We exteict a description of a set of six blast-engines, made for the East Indian Iron Company, 
firom a paper by Edward A. Gowper, read before the Institute of Mechanical Engineers in 1855. 

These engines were made to the plans and under the superintendence of Charles May, the con- 
sulting engineer to the East Indian Iron Company, by James Watt and Co., to the drawings prepared 
by E. A. Gowper. 

The engines are six in number, two pairs of them being intended to blow air at 2 lbs. the 
square in. as a maximum pressure, and the other pair to blow air at 4 lbs. the square in. as a 
maximum pressure. , 

Fig. 805 is a side elevation of the engine complete, with crank-shaft, wheels, and other fittings. 

Fig. 806 is a vertical section through the steam and air cylinders, and their valves and passages, 
and the branch air-pipes. 

Fig. 807 shows a sectional plan taken through the air-valve, and the air-passages and branch 
air-pipes. 

The general form and construction of the engine is that of a Pedestal or Table Engine ; the air- 
cylinder A stands on a short pedestal, and itself forms the pedestal or table on whicn the steam- 
cylinder B stands. The foundation-plate is 6 ft. square, and carries a wrought-iron crank-shaft C 
in four plummer-blocks, having two Ught fiy-wheels D D, one on each end of the shaft, and the two 
eccentrics E E for driving the air-valve F, one on each side of the air-cylinder, and the eccentric G 
for driving the steam-valve H, in the centre. The steam-piston has one piston-rod fixed in a diort 
crofls-head I at the ton, and this cross-head has two other piston-rods, for driving the air-piston, 
which pass down outsiae the steam-cylinder through stu£9ng-boxes in the cover of the air-cylinder, 
and are attached to the air-piston. The long cross-head K, taking the connecting-rods to the 
cranks, is attached to the shoH cross-head by a pin, so as to allow a little freedom in case of unequal 
wear; the guides L L are attached to the 8team-<^7l^^®' cover. V is section of air-valve. 
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The ftlr-Tklva F ie made imdei Archibald Skte's pateal. It coneiBta of ft ring or orown nJrt! 
eatirel; eucloBiDg the ur-cylinder, asd is not self-«oti[ig by tha pressure nf the air in anf war, but 
ia mored by the pair of eccentrica E E at tha proper timea, w ai to gire ample paaaage for the air 




lO moTe with the greatest freedom, and the Talre has such a proportion of lap aa to cause the ai 
In oampnetei up to the working preBsure before it is delivered, thua giving the engine nn n 
irofk to do thr- ■- •■ — 




« again. It should, however, be 



opwunga are made inclined, ao a« to csoae a regular wear 01 

the braaipaokiDg-rings which fbm the rubbine-face of the 

valve. The body of the air-valve i» made of thm sheet iron, 

neatly curved to two turned cast-iron rings, to which it is well 

secured by a gre»t uiunber of small bolts. Theee rings are 

bored out inside to receive the brass packing-rings before 

mentioned, which are secured in their places by bolta. There 

are no springs to the brass packing-rings, but thev are bored 

oat to a perfect St to the outside of the air-cylinder, and are 

then cut into eight pieces, and, should any wear take place, 

they can be at once adjusted by introducing a thin sheet 

of paper behind them and screwing them fast in their pleo 

remarked that this valve is under totally different circumstanceB from any thai nave aiineno oeen 

tnnde, as it is perfectly in balance, or rather it is suspended freely, slides np and down a turned 

cylindrical surface, and therefore there is no tendency or power to cause wear under any variation 

in the pressure of the air. The mode in which the two eccentrics drive the air-valve is by means 

of aOyriibalRing; that is to«y, there is a wtought-iron ring encircling the air-valve and attached 

to it I? two pins opposite each other, and the eccentric rods are attacbed to the ring at two other 

points at right angles with the first : thus the air-valve is perfectly free. 

The air-cylinder A is 80 in. diameter and 2 ft. 6 in. stroke, and the piston makes 80 strokM a 
minute. The air-piston is packed with hemp-packing, and has a ring to screw it down ; the screws 
ate so amuKcd that they can be got at by simply unscrewing small plugs in the cylinder-cover, 
when a socket-spannei can be introduced to screw the ring down. The air passes Into the air- 
ojlinder beyond the end of the valve, first at one end and then at the other, and is delivered into 
the hoUow part of the valve, from which it escapes through two light copper biwich-pipes M M, 
placed oppiKlte eooh other, and having turned jomts fitting turned collars fixed on the valve. The 
other enos of the pipes rest on a small surface 01 shelf prepared for them, and on which they slide 
boekwaida and fonrards about ^th in. These ends of the pipes are curved in the same manner as 
the other cods, ao that the facea are in one plane, and the air-main. Fig. 805, has the faces of its 
bnutehMsntfiued to receive them; thus the air is taken eq^oally from each side of the air-valve. . 
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The (teftnt-TalTB H has oanslderabte lap, and is aoproportionedw to out off the steuDjiut after 
the faalf-atroke and have a ver; ftee eihaiut. 

Theboileri are on theCorniBh plan, and will bechleflyosed with wood as fhel, and the fimiacea 
are made pinportionatelj large tor this purpoBe. The toilere are fed by a donkey engine entirely 
independent of the blast engine, wi that they are complete in thenuelves, and there is no fear of 
getting short of water whilst the blast engines stand for tapping, at which time indeed the boiler 
Bbould always be fed, if only to keep the steam down a little. 

The engines having to be transported some distance up the country, a limit of weight was given, 
namely, 1 ton for any one port of the engine ; and in accordance with ttits limitation the total 
weight of a pair of theae enginea is only 11 tons as compared with 25 tons, the weight (J an 
ordinary bla«t engine of eqn^ power ; and the weight of the heaviert angle piece of an onUnary 
engine is 4} tons as compared with 1 ton, the weight of the heoviest piece in the new engines. It 
is, therefore, evident that the engine can be moved with the greatest ^ility ; and the first pair pnt 
to work here for trial simply stood on some baiti of timber, and a few small bolts throng the 
bed-plates were snfBcient to hold them and cause them to work quite steadily ; whereas for 
the ordinary engine a strong building with massive foundations lias to be erected. 



ing of 
This a 



i very large valves and j 






r ■ 1- . >. ' passages, u 

of letting the air itself move the valves. This arrangement at once prevents all blow and jar 
~Drkjng, provided that the lap and lead of the valve are properly proportioned, and allows of 



M a pair with their cranks at right angles, causes such uniformity in the Sow of the blast that no 
regulator of any kind is needed ; indeed, the variation is hardly perceptible in a meicury gauge 
placed on a very short length of main, whereas the variation on the ordinary plan is veir con- 
riderable. The pair of engines are arranged to blow 3600 cub. ft. a minute, and are speeded to 
80 revolutions a minute, which with 2 ft. 6 in. stroke makes 400 ft. a minnte, and this they do 
with the grefttest ease and efSciency, owing to the exact nuumer in which the lap, lead, and ere* 
tfpr wages, &0., are proportioned. 




The following acoonnt of the blowing engine in use at the Dowlais Iron Works, is taken torn 
a papef in the Transactions of the Institute of Hechanical Engineers, read by Wm. Ufmelans. 

The blowing cogine WM erected in 18SI, «ndis shown in Figa. SOS toSll. Fig. 808 iii a side 
eleraliDo of the engine, and Fig. 800 an end el*^*i<»' ^8- ^10 is an enlarged vertical section 
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of the blowing; cjlinder. 
Fig. 811 U B tb^ckI eeetion 
ot iteaiD-VKlvea. The blow- 
ing cylinder is 114 in. ia 
diameter, with n stroke of 
12 ft., nmlcing 20 doabla 
atrokee a minute, the pre«- 
soK of the blaat being 
3) lbs. the square in. The 
diKharge - pipe B is d ft. 
diameter, aod aboat 140 yds. 
loog, thUB aaawering the 
pmpoae of a regalator. The 
area of the entrance air- 
valTea ia 56 iq. ft., and of the 
delJTery air-Talves IB sq. ft 
liie qnantitT of air dis- 
cbaj^ed ftt the abore pie»- 
eore it about 44,000 cub. ft. 
» Minute. 

The steMn-«;Iinder C ii 
55 in. diameter, and hai a 
•trokeafl3ft.,with 
pi«Miire of 60 Ibfl. the equaro 
■-., and working — *~ -"^ 

■jower. Til 

I when the piBton has 
e about ooe-third of ita 
dtroke, b; meuis of a 
UMHi gridiron-valve A near 
the back of the slide-Talve 
E, as shown enlarged in 
Fig. 811 ; there ia also on 
one side of the ttoizle a 
Bmall sepamle slide-rolve B, 
fbi moving the engine fay 
hand when starting. The 
ojlinder-porta are 24 in. wide 
by 5 in. long, and the slide- 
valve E has a stroke of 11 in. 
with J-in. lap. The emgina 
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non-ramdeneing, and the steam ie diBcharged into a cylindricfJ heating tank 7 ft. diameter and 
ft lon« coDtaiDine the feed-watet from which the boilen we mip^died. Under thel ateam- 
. , Bv. -=. . . .... : — t — :_„ .„j lOfioO enb. ft of limeetone willing 



ong, „ 

ojliudw there ate about 75 

in iaige blocks, some of them weighing 

eeveral tons each. 

The beam H iscaat in two part8,of 
about 16^ tons each, the total weight 
upon the beMn-gndgoons being 4* t<ni» ; 
it iB 40 ft. I m. long, from outside 
c«Dti« to outside centre, and is con- 
nected to the crank on the fly-wheel 
shaft I bj an oak connecting-rod, 
strengthened from end to end by 



The I 



wrought -iron straps, 
supported by a wall L i 
7 ft. thick, built of dressed limestone 



II L across the hi 



blocks, to which the pedestals 
fastened down by twelve screw-bolts 
of 3 in. diameter. The fly-wheel I is 
22 ft. diameter, and weighs about 



Eight Comiah boilers are employed 

to sopply the steam, each 42 ft. long 
and 7 ft. diameter, mode of ^in. beat 
StaflbrdsMre plates, and hanag from 
end to end a suigle 4-fl. tube, in which 
is the fire-grate, 9 ft. long. 

For some time this engine supplied 
blast to eight /umaoei of large siie, 
varying frrm 18 to 18 ft. across th« 
boihta ; it ia now blowing, with three 
other engines of small dimensions, 
twelve furnaces, some of which make 
upwards of 235 tons of good foige p^- 
iron a week, the weekly make of the 
twelve furnaces being abont 2000 tons 
of forge pig-iron. With the eiception 
of the cyfmden, made and fitted at the 
Penan Fonndry, Truro, this enrine 
and boileis were made at the Dowlaia 
Iron Works, and erected acoording to 



Bloamg Enginti et Crauot. — 
Schneider and Go's, works at Crensot 
include amongst their plant seven 
blowing engines, thtee of these being 
horizontal engines of an old type, and 
the other four direct-acting vetiical 
engines ; one of these latter is shown in 
Fig. 812. It will be seen that the blow- 
ing cylinder A, which is 108^ in. in 
diameter, is placed below the fioor of 
the engine-house, the steam-^jlinder, 
which IS 471 ii<< diameter, being over- 
head. The tiro pistons B B are fixed 
on one rod, and their stroke is 6 ft. 
6} in. The piston-rod G passes through 
the top of the steam-cylinder, and ia 
attached at ita upper end to a cross- 
head working in suitable guides. From 
the omss-he^ a coimectinn-nd extends 
to the crank-thafi, the centre of the 
latter being 25 ft. lOJ in. above the 
floor of the engine-room, and no less 
than 44 ft. 3j in. above the base of the 
engine. 

The admission of the steam to, 
and its release frooi, the cylinder are 
effected by eqnilibriusi-ni/H) worked 
by ocma placed on a coouter-ahaft, which derive* its 
gtaring. The en; ' ' " " 
of 60 Iba. the sq. 




he non-condensing class, and the steam, which is snpplied at a pteasnre 
offatooe-fonrth of the stroke. Thespeedii omiuly ISrevtilntioiiBB 
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The blowing cylinder is fitted with a number of small flap-valTes, O, O, arranged on each cover, 
as shown by Figs. 812, 813. One-half of each cover, it will oe noticed, is devoted to the inlet,- and 
the other half to the delivery valves. The blast is delivered at a pressure of 6} in. of mercury, or 
rather more than 3 lbs the sq. in., and the quantity delivered is 90 per cent, of that due to the 
capacity of the blowing cylinder. The four engines, which are appropriately named the Simoun, 
Sirocco, MiBtral, and Ouragan, are placed in one engine-house, and they serve to supply blast to 
twelve blast furnaces. 

The Kirklesa Hall Blowing Engines. — These fine engines were constructed by Naysmith, Wilson 
Company, from the designs of Robert Wilson, for the Wigan Iron and Coal Company. 
Their whole arrangement is shown in Fig. 814. The engine-house is a handsome detached 
structure about 25 yds. long., 60 ft. wide, and 72 ft. high, and is entered by means of a large 
square tower, having an internal spiral staircase, with doors communicating with the several 
galleries in the engine-house. On the top of this tower is placed a balcony, from which an 
extensive view of the surrounding country is obtained. The interior of this tower is entered by a 
flight of stone steps. The first impression on entering the engine-house is one of complete 
astonishment, there being little of the ordinary appearance of an engine-house to be seen. There 
are two handsome iron galleries extending round the whole of the interior ; some feet below the 
first are seen the immense engine-beams, each beam being about 38 ft. long, and weighing 
upwards of 20 tons. These beams, notwithstanding their enormous size and weight, move as 
easilv and gently as if they were the merest toys, and this without the usual control of a fiy-wheel, 
which, in this instance, is entirely dispensed with. Here we see the beautiful and novel valve 
arrangement by means 6f which these monster engines are worked. When the engines were first 
designed, the valves were intended to be worked by the ordinary tappit-motion, because, having 
no rotary motion in any of their parts, the application of any other but this old arrangement was 
considered impracticable ; but, on starting the engines, it was discovered that this motion did not 
allow sufiScient latitude to admit of their being worked at the different speeds required to suit the 
varying number of Uast furnaces that might from time to time be in operation. Robert Wilson seeing 
that the engines could not be worked satisfactorily with the old motion, at once applied himself to 
the analyzation of the difiicultv, with a view of producing a more efficient arrangement for working 
the engines, and the result of his investigations was the invention of a modification of the Cornish 
valve-gear, which, on being applied, was immediately found to answer most admirably every 
requirement. 

The engine-house contains three pain of engines, each pair consisting of one high-pressure 
steam-cylinder, 45 in. diameter; one low-pressure steam-cylinder, 66 in. diameter; and two 
blowing cylinders, each 100 in. diameter — one of the latter being placed alwut 17 ft. above, and 
directly over each steam-cylinder; the stroke of all these cylinden being 12 ft. : the steam- 
cylinders are worked together by means of the large beams before described, of which there are 
two to each pair of engines. The high-pressure cylinders are placed on the left-hand side of the 
engine-house, and the low-pressure ones on the right-hand side, and are connected by beams working 
with connecting-rods from the cross-heads. The motion which works the valve-gear is on the low- 
pressure side, and is carried across the engine-house beneath the floor, so that by means of one set 
of hand-gear, the eight valves of the two cylinden are easily controlled by one man, or worked by 
the engine iteelf, as may be desired. This, in itself, is considered to be a triumph of mechanical 
skill, and the smoothness of action, the perfect accuracy of every part, and the superior style of 
workmanship and finish of this motion, is of such a character as to attract the attention of even 
the most unprofessional spectator. The six air-cylinders, each weighing upwards of 25 tons, are 
placed upon stone piers, and on a level with the bottom of these cylinden is fixed the second 
gallery, and round the tops of them are fixed airy-like but substantial balconies, which are 
reached by means of an iron staircase at each end. These cylinden are fine specimens of English 
workmanship ; in fact, there are few engineering establishments besides the Bridgewater Foundry 
where such cylinden could have been cast, 
bored, and finished, in the style these are. 

Fan Blast Machinefi — These machines are 
very common ; they are used to urge the fire 
of steam boilers^ and at puddling, re-heating^ 
and cupola furnaces, where anthracite is 
burned; and at cupola furnaces, where coke 
is used for re-melting pig iron in foundries. 
Fig. 815 shows a section of a common fan. 
The two sides of the case are, in most in- 
stances, made of cast iron, and held together 
by the screw bolts a, a, a, a. These bolts reach 
through both sides, and their length is there- 
fore equal to the width of the machine, which 
varies from 6 to 20 in. The space between 
the sides is occupied by a strip of sheet iron; 
this strip determines the width of the ma- 
chine, and reaches all round the fan, forming s=d 
the circular nart of the case. The wings of ^ 
the fan, mariced 6, 6, 6, 6, are sometimes of ^ 
sheet iron ; they are fastened to iron arms set 
upon the axis, and rotate with it, and they 
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Common Fan. 



occupy a different position in different fans. Some are set radially, othen inclined more or less 
tengentially. gome are straight; othen have ft slight curvature. On the whole, no marked 
difference between the one form of wings and the other results, so far as effect is concerned, if no 
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blundera against the laws of mechanics are made. The fans with cnrred and short wings do not 
make so much noise as those with straight, radial, and long wings. The opening c, which receives 
the air, to be pressed out at d, must be of greater or less diameter, according to the size of the fan 
or width of the wings. Broad fans require such an opening on each side. Small fans, of but 6 or 
8 in. in width, work sufficiently well with one inlet. The diameter of a fan is seldom more than 
3 ft., and from various reasons it can be shown that a larger diameter is of no advantage. The 
number of revolutions of the axis, or the speed of the wings, is very seldom less than 700 a minute ; 
tliis speed may be considered sufficient for the blast of a blacksmith's forge and small furnaces. 
At large furnaces or cupolas, we frequently find the number of revolutions as many as 1800 a 
minute. The motion of the axis is generally produced by means of a leather or india-rubber belt, 
and a pulley of from 4 to 6 in. in diameter. 

Among the great variety of forms in which these fans have made their appearance, one, shown 
in Fig. 816, is worthy of notice. The wings of this fan are encased in a separate box ; a wheel is 
thus formed, which rotates in the outer box. 
Fig. 816 shows a horizontal section through 
the axis. The wings are thus connected, 
and form a closed wheel, in which the air 
is whirled round, and thrown out at the 
periphery. The inner case, which revolves 
with the wings, is to be fitted as closely as 
possible to the outer case, at the centre near 
(I, a, a, a ; for no packing can, in this case, 
be applied, and there is a liability of losing 
blast if the two circles do not fit well. 

As the building of this apparatus re- 
ceives much attention in machine shops, 
and as the leading principles involved in 
its construction are very uttle known, we 
shall designate such points as may be 
deemed of great importance by those who manufacture fans, which is frequently the lot of the 
iron manufacturer himself. The outward case should be strong and heavv; and the interior 
machinery, which revolves, as light as possible. For this reason it should be made of the beet 
wrought iron, or, what is preferable, of steel. Four wings produce quite as much effect as a greater 
number. It is, therefore, useless to exceed that number. The greatest attention must be paid to 
the gudgeons and pans ; it is advisable to make both of steel, or, better still, to run the two ends 
of the shaft in steel points. The wings are to be exactly at equal distances, and of equal weight ; 
otherwise the strongest case will be shaken. The surface of each of the wings should be at least 
twice as large as the opening of the nozzle at the blowpipe. 

The pressure of the blast from a fan is proportional to the square of the speed of the wings, 
with a given diameter of the fan. The pressure gains simply in the ratio of the diameter, or speed, 
provided there is the same number of revolutions. The increase of speed is in the ratio of the 
increase of the radius. The pressure in the blast is produced by centrifugal force. The atoms 
of air, after being whirled round by the wings, are thrown out at their periphery by a force 
equal to the oentnfugal force resulting from the speed of the wings. This centrifugal force may 

be simply expressed by - — ; c is the speed in feet per second ; g the speed of gravitation in, the 

2gr 

first second ; and r the radius of the fan. According to this, the effects of a fan ought to be far 
greater than they actually are ; therefore a remarkable loss of power must take place in these 
machines. It is thus very clear that the increase of diameter augments the effect of the mach^e 
in a numerical proportion, while an increase of revolutions adds to the effect in the proportion of 
the square. It is also very clear that an increased diameter greatly increases the friction, while 
the increase of speed does not augment it in the least. The friction, in these machines, is the 
greatest objection to their use ; therefore the movable parts should be as light as possible. Frio- 
tlon increases in the ratio of the weight, where the materials are the same, but not with an 
augmentation of speed, at least, not in the same ratio. From practical observation, the following 
formula has been deduced, in which a is the speed of the fan, that is to say, it represents the 
number of feet which the wings make in a second ; 6, the surface of the nozzle ; o, the surface 
of a wing ; and J, the velocity of the escaping blast. This formula we conceive to be the proper 
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See Gentbifuoal Pubip. 



Gwynne and Go.'s improved combined steam gas-exhauster and air-blower, shown in Figs. 817 
to 821, is a design of one constructed to pass from 10,000 to 12,000 cub. ft. an hour ; biit these 
exhausters can be constructed to any caMcity that may be required. On Figs. 817 to 821, B is 
the case, O the spindle, D the bed-plate, £ suction-pipe, F discharge-pipe, G standard for engine, 
HH slides to piston, I steun-cylinaer, K slide-jacket, L disc, M piston-rod, N connecting-rod, O 
eocentrlc-rod, P steam exhaust-pipe. 

This blower is composed of an outer casing or cylinder B, fitted with top and bottom plates, one 
of which plates is constructed with a stuffing-box and gland, through which passes the spindle 0. 
on which is firmly fixed an inner cylinder, dotted in the figures. This inner cylinder is slotted 
through the centre, which' slot is fitted with two sliding plates or pistons made air-tight to the slots 
and working air-tight against the inner periphery of the outer cylinder. 

The two cylinders, as shown in the figures, are set eccentrically to each other, so that the bottom 
of the inner cylinder touches the bottom of tne outer cylinder. 
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When the spindle is set in motion by the steam-engine or other method, as may be arranged, 
the slides continue to pass in and out, and thereby take np the air or gas which enters through the 
pipe E and is expelled through the pipe F. 

The machine is fixed to a firm cast-iron bed-plate, so as to be perfectly portable ; and combining 
in itself its own motive-power, it requires little or no foundation. 

These blowers have been applied most successfully to gas-works and mining purposes, and may 
be constructed to work up to considerable pressure, if required. One of tiiese exhausters is being 
very successfully worked oy the LlaneUy Gas Company. 

Figs, 817, 818, 819, show the aboye-epecified arrangement. 

Figs. 820, 821, illustrate an arrangement to be driven by a strap or by hand-power. 
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BLOW-OFF COCK. Fb., Sobinet de vidange; Gkb., Atubhahahn; Ital^ Chiave di sfogo. 

Bee Details of Enqinbs. 

BLOWPIPE. Fb., Chalumeau; Qbb., Ldthrohr; Ital^ Tubo ferrttmiatorio ; Spas., 
Canutilio. 

See AssATiNO. Oxy-htdrooen Blowfipe. 

BOARD. Fb., Planche; Gbb., Brett; Ital., Tavoia; Span., Ta6to. 

Boards or ptVce. — Timber cut into thin slabs less than 2^ in. in thickness and more than 4 in. 
wide are called boards. The term is usually applied to fir and elm, while the same thickness of 
oak, mahogany, and so on, is generally called plank. 

Boards cut from 7-in. stuff are called batten-boards, from 9-in. stuff deal-boards, 
and from 11 -in. stuff plank-boards. 

Fir boards 1^ in. thick are called whole deal, and those which are full half-an- 
inch thick are called slit deal. Boards, Fig. 822, which are thinner on one edge than the other 
are called feather-edcre boaixls 

BOABD AND BRACE WORK. Fb., Lier Vempanon awe Varetier; Geb., Verbindwug der 
ffcUbsparren mit den Walmsparren ; Ital., Commettittura a cancUe e tavota dottile. 

This work consists. Fig. 823, of boards with 823. 

grooTed edges, into which thinner boards are inserted. 

BOARDING. Fb., PUmch^iage; Geb., BretUsr- 
verschhg, Bretterwand; Ital., Tavohto, 

Booking. — This is a general term for various 
kinds of work to which boards are applied, as gutter^ 
boarding, slate-boarding, u^eather-boarding, sound-boarding, and so on. 

BOARDING - JOISTS. Fb., Soliveaux; Geb., Dielenhger^ PoUierholz; Ital^ Traoi del 
palco. 

See Joists. 

BOASTING. Fb., Ebaucher; Geb., Boh-Behaven; Ital., Sbozxare, 

Boasting, in stone-cutting, is pairing the stone with a broad chisel and mallet, so as to leave 
regular marks like ribbands or sznall chequers. It is also applied to a margin-draught round the 
edges of the stone in hammer-dressed woi^. 

BODY-PLAN. Fb., Section verticale ; Geb., Spantenrisz ; Ital., Proiezione verticaU, 

In ship-building, the body-plan. Fig. 82i, is descriptive of the largest vertical and athwari- 
ship section of a ship. This plan fixes by orthographic projection the heights and widths of the 
principal lines of a ship. 

The orthographic projection is that projection which is made by drawing lines from every point 
to be nrojected perpendicular to the plane of projection. 

A horizontal line supposed to be drawn about a ship's bottom at the surface of the water is 
called the fjoater-line, which is higher or lower according to the depth of water necessary to fioat 
the vessel ; light water-line, the lowest water-line, or tluftt of a vessel when unloaded ; load water- 
line, the highest water-line, or that of a loaded vessel; 

The sheer-plan is an orthographic projection of the lines of a ship on a vertical longitudinal 
plane passing through the middle line of the vessel. 

Body-plan, sheer-plan, and half -breadth plan, are on sectipnal planes supposed to pass through, at 
right angles to each other, the largest portions of the principal dimensions of the ship. The half- 
breadth plan is descriptive of half the widest and longest level section in the ship. This plane is 
a horizontal one paaring through the length of the ship at the height of the greatest breadth. On 
this plane the position of any point in the vessel may be fixed by orthographic projection, as to 
width and length. The three planes on which the projections are established are rectangular 
co-ordinate planes passing through the centre of the vessel ; the three perpendicular lines which 
transfer any given point to each of these planes are termed the oo-ordinates of that point. Naval 
architects, John Scott Russell excepted, lay down the lines of a ship on the three co-ordinate planes 
by a good old rule, called the rule-of-thumb, which has not as yet been submitted to mathematical 
investigation. 

In passing, it may be necessary to remark that one naval architect, J. W. Griffiths, works from 
a model which he whittles out of a piece of soft wood, by the good old rule before named. Upon 
this system Griffiths has written a large work. 

Scott Russell lays down the lines of a ship by well-defined laws, which he establishes by 
abstract reasoning and ei^periment. 

Russell is a great performer as well as a fpneat thinker ; he stands out in bold relief from 
among the great men of the extraordinary time m which we live. We give from his great work on 
Naval Architecture his method of laying down the lines of a ship, on what he terms the compound 
uxme-principle, Scott Russell says : — 

I will begin by taking the easiest problem which can ever be submitted to the constructor of 
a ship. I will suppose a case, which very frecjuently occurs in practice, that a certain length 
of ship is to be built — a certain breadth is given — a certain deepest draught of water and a 
certain lightest draught of water, and that these are about the ordinary proportions of a ship ; — 
that no particular weight is to be carried, or work to be done, beyond sailing well, or steaming at 
a moderate speed, and that the purpose to be served is a fair, oonmion mercantile trade, such as 
ordinary vessels will moderately well perform;— and I will take for granted that the owner 
expects from the naval architect, what he may reasonably expect from a man of science and skill, 
that his vessel will be somewhat faster, easier, safer, and more economical, and therefore some- 
what more valuable, than a vessel built, without design or calculation, by an unskilled man. 
This is a task of the most ordinary kind to the naval architect. 

There are two wavs in which he may set ahoni building his vessel : he may either take the 
model of the vessel, which is already the best that K^^^^^c^ applied to the trade in question, and 
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improve upon her; or he may at onoe throw all precedent overboard, and give his employer an 
entirely new design. The undertaking then will speedily shape itself as follows : — ^His extreme 
length and extreme breadth being given, he may aetermine a midship section, such as will give 
him the requisite carrying-power, with good sea-going qualities. Next, he will determine a 
water-line, which will give the highest speed and least resistance of which that length admits ; 
or he may decide to fit her for a given speed only, and adopt a water-line of greater capacity fit 
for that slower speed. Thirdly, he will adopt a convenient form of deck, for the use and navi- 

Sation of the ship ; and on these principal points he will fill in, what I will call ** a skeleton 
esign," and frame an approximate calculation of the qualities of the ship, which we will also call 
^ the dceleton calculation.** 

To Contiruct the Midship Section, — It is in the choice of midship section that the naval architect 
is left free to exercise, with the greatest libertv, his own absolute judgment. In the water-line 
he has little or no choice ; Nature has fixed that for him. If he meddle with it, he shows his 
ignorance or presumption, and Nature sends her due punishment, by refusing to deal kindly with 
the spoilt water-line ; but the midship section he may vary to his heart's content. He may give 
the snip every sort of quality by choosing it ill or well; and with a given water-line he may 
produce all sorts of ships. 

To illustrate this latitude of choice, and to follow out the consequences which arise from each 
kind of choice, I will take three midship sections, and carry them through all the stages of design 
to their ultimate consequence; and I will further suppose it necessary that they should all have 
the greatest speed the length will allow. 

The first of these sections is to carry extremely little cargo, to have little room, but to go as 
fast as she can be made to go with all the sail and steam-power she can carry. These are the 
practical conditions of the yacht or the cruiser, the opium clipper or the privateer. What such a 
vessel requires can readily be contrived, for the oonaitions given make the midship section, and 
leave very little to the choice of the constructor. Such a wip must be all shoulder and keel, 
and nothing else;— she will be like a racehorse, lanky and leggy: by being all shoulder, with 
very little under-water bodv to carry, she will possess the maximum of power with the minimum 
of weight ; — her fault will be, that she must have an enormous keel, to prevent her from going to 
leeward ; and this great mass of dead wood, or of solid iron keel, exposes a large surface to the 
adhesion and friction of the water. Nevertheless, it is the form of greatest power with least 
weight. The bottom of this midship section may be formed in two wavs,— it mav either be made 
elliptical, to have a minimum of skin for adhesion, and be reconciled to this deep keel by two 
hollow curves ; or it may be reconciled to the keel by a long wedge-bottom. I prefer the elliptical 
bottom for iron ships; but the other, or peg-top shape, has been much used in wooden ones. 
See Figs. 824, 825, 826. 

I will next suppose that the capacity, thus got, is too small for carrying remunerative cargo, 
and that a cargo hold, of a capacity more usual with mercantile vessels, is required ; in that case 
I keep the same shoulders, and give a larger under-water body. See Figs. 827, 828, 829. 

I will now take a third design. The ship is to carry as much as is not inconsistent with good 
sea-going qualities; and she is to have room, cJso, for boilers and machinery of considerable power. 
This requires her sides to be nearly upright, her bottom dead fiat amidships, with only so much 
off her bilges as will not be inconsistent with what she is to receive inside. This the form and 
arrangement of her boilers and machinery will generally determine, and the boilers and machinery 
in such a vessel should be treated as ballast, and kept low. See Figs. 830, 831, 832. 

In regard to these three midship sections, it is to be noticed, that they are prescribed in some 
measure by the uses of the ship ; but the forms I have mentioned come entirely from the judgment 
of the constructor, and whether they have been wisely or injudiciously selected, must be judged of 
after the calculations have been made of the various qualities to which they give rise. 

But there are one or two points which occur to a constructor, at the first glance at these forms 
of under-water body. It is plain, the first is easiest, and the last hardest, to drive. It would 
require much more sail to dnve the two last, than the first ; and it is e(}ually plain, that the first 
is much better able to carry sail than the last. The area of midship section of under-water 
body is the thing to be driven ; the area of the sail is the driving-power : but the power of the 
shoulders to carry the sail upright limits the quantity of sail the sliip can carry. The bulk 
of the under-water body brings with it two evils,-* resistance to being (uiven through the water, 
and under-water buoyancy tending to upset the ship. 

It is plain, from these considerations, that the first shape is suited for a &st ship under sail 
alone, the last is suited for a fast ship under steam alone, and the middle form may do for a 
moderate quantity of both— for what is called "the mixed system." 

Of these three vessels we may also form the following aug^ury, before proceeding to precise calcu- 
lation. The first ship may be powerful, weatherly, lively, and fast. The last vessel may be tender, 
easy, sluggish, and roomy. By a proper mixture, we may obtain, in the intermediate vessel, any 
compromise among Uiese qualities for which we have a fancy. In this choice there is ample 
room for the display of skill and the exercise of judgment; but it will be first necessary to 
Complete our skeleton design and our trial calculations. 

We have said nothing as yet about the parts of midship section above water; but it will be 
noticed, that these grow naturally out of the form adopted under water ; and it will be observed, 
that we have proportioned the above-water body to the under-water body. The object of this is 
to give adequate lifting-power in a sea-way, in proportion to the heavier under-water body : but 
of this we shall have more to say. 

In three designs, the midship section (so-called) is tax from being actually amidships, being 
placed at the point of greatest bzeadth, ot nearer the stem than the bow, in the propoftiMi ol 
I to 6. 



882 BODY-PLAN. 

7h Construct tht Chief Water4ine, — For the side-yiew of a ship, or vertical seotiim, draw a 
horizontal line, representing her whole length at the main water-line, and erect at the ends of it 
two, perpendiculars. This line I shall caU henceforth the length of the ship, the length between the 
perpendiculars, or the construction length. These perpendiculars, aleo, are to be ruling elements of 
construction, and will be called the perpendiculars. Divide the length between the perpendiculars 
into ten equal parts ; take four of these abaffc for the length of the run, and six of these forward 
for the lei^h of the entrance. Describe a semicircle on each half of the chief breadth. Divide 
the length of entrance and this semicircle into any. the same number, of eaual parts ; the distance 
of the water-line from the centre-line, opposite eacn division in lengtn of the entrance, will be the 
distance of each corresponding division of the semicircle from the same centre-line, and a line 
through all the points thus found will be the true wave water-line of the bow. The water-line of 
the run will be different from this in one respect only, — it will be necessary to draw parallel lines 
to the centre-line through each of these divisions of the semicircle, which it may be convenient to 
call the semicircle of construction, as shown in Figs. 826, 829, 832. On each of these lines points 
may be found, just as if it were a bow-line. These lines must be prolonged aft beyond the points 
thus found to a distance eoual to that part of the line intercepted between the semicircle of 
construction and the main oreadth. The last-found points in the parallel lines give the line 
of main breadth. 

Thus we have formed the chief water-line of the bow and of the stem^ or the lines of entrance 
and of run for the greatest speed which the given length will admit. The lines thus given are 
absolute, and will admit of no deviation without some loss. Nevertheless, some modification in 
the application of these lines may be admitted as expedient, and one of them is obvious. It will 
be seen that the point of the bow is so extremely sharp, that it would be in continual danger of 
cutting everything which it touched, and, being as fine as a razor, would run risk of being crashed 
by rough usage. The stem also, for the rough work of a ship, must be of a considerable thickness ; 
and the- practical question at once arises : How shall we alter the line at the bow to get this 
thickness? Shall we cut the fine part ofi^ and shorten the vessel ? To this the answer is, that if 
you do, the vessel will have become too short for the length settled. The way I use, is to draw 
the bow to a few feet longer than I intend to retain, and then to cut o£f the excessive length of 
this water-line to the exact length that I want to keep. I thus find a thickness of a few inches 
remaining between the two sides of the water-line, which is just thick enough for the materials of 
the stem : by this means I get the extreme length I require, and I also get the strength of stem, 
which is necessary for durability and bad usage ; and it will be noticed that the bow, which I thus 
gain, is of slightly greater capacity than the first attenuated line. This I call, therefore, the 
corrected water-line of the how. No such adjustmoit is necessary at the stern : it is enough there to 
insert the stem-post, simply by increasing the breadth between the lines to admit the Richness of 
the stern-post, — a deviation insufficient to cause a sensible difference in the performance of the 
ship. 

There is another modification of these water-lines of the fore-and-after bodies, which may 
require farther consideration. We have put both entrance and run in the same plane, with the 
intention of leaving them so in the construction of the ship ; but this is only our first intention, 
and we must be prepared afterwards, on good reason shown, to change it. The main water-line 
may require to go lower or higher in tiie vessel than we now propose, and the after-part of it may 
have to go higher or lower than the fore-part, in order to gain some advantage ; but we shall effect 
this change, if necessary, without in any way altering the character of the line already drawn : 
we shall only alter the neight at whi<m it should he placed, and that we shall not do unless 
required. 

The Sheer-plan, — This gives the entire outline of the ship, as we look at her sideways. Figs. 825, 
828, 881. The top line, or upper boundary, is the line of her deck or bulwark, or, in short, the 
top of the ship, which must be laid down in order to construct the chief buttock-line in section (4) ; 
the bottom is the line of her keel ; the front is the line of her stem, or cutwater ; and the after-part 
is the line of her stem-post. 

I begin with the stem. I make that line follow the form of the chief buttock-line, and 
gradually grow out of it. This ought to be so, because buttock-lines bound equal thicknesses of 
the ship, and a stem is merely a thin slice of the ship, and therefore follows one of the buttock- 
lines. As a matter of beauty and of reason, therefore, it must be made a buttook-line, in order 
that its outline may harmonize with the general form. 

The form of the stem, therefore, will depend on the decision taken with regard to the deck-line 
and the buttock-line. If the deck-line be kept well aft, so that tiie main buttock-line tumbles 
home, the stem above the water will be curved backwards, and so be in unison with the tumble- 
home bow; and it will be the contrary, if the fashionable dipper-bow be adopted. Above tiie 
water, however, the mere form of the stem itself is a matter, to some considerable extent, of taste 
or fancy. K the general character of the bow give good buttock-lines, it will not much matter 
whether the stem to which they are joined curve out or in, except that it will be always more 
comely that the stem should harmonize with the character of the bow, of which it forms a 
conspicuous outline. Men who hesitate to give it a decided character, express their imbecility by 
leaving it perpendicular. 

Below the water, on the contrary, the form of the bow is of the greatest practical value. It 
has long been usual in this country to carry the stem down to an angle with the keel, to continue 
the keel far forward to meet the stem, and so form what is called the fore-foot of the eidp, giving it 
a great gripe, or hold, of the water. This gripe and fore-foot have every bad quality, — being weak 
in stracture, and making the vessel hard to steer. I svstematically cut it all off, following the 
Bhape of the other buttock-lines; and, further, I carry this rounding a great way back, — perhaps 
to one-sixth of the whole length of the ship. By thia I not only diminiui the fore-gripe and ease 
the steet^gey but I keep the stem and the fore-foot out of harm's way ; and I have often known 
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thiB both to lave repairs and to contribute to the safety of the ship. When turning round in 
narrow channels, when steering in intricate or shallow waters, or performing evolutions under 
difficult circumstanoea, the fact that there is no thin, protruding part near the bottom, to touch or 
strike the ground, to he broken off, or to impede or ^ter the movement or direction of the ship, is 
often of the very highest consequence. By a gentle curve at the stem, therefore, I keep the fore- 
keel and the fore-foot out of harm's way ; and I generally do the same at the stem, where dead 
wood can be spared. By curving the aiter-part of the keel upwards, like the stem, we may often 
save both keel and rudder, and we certainly facilitate the ship's coming round. Of course it is 
done to a much leas extent at the stem, as several feet of gripe at the bow will correspond with a 
few inches of trim by the stem. 

But, while I thus curve the keel and -fore-foot, I keep &e whole central part of the keel 
perfectly straight, but for no other purpose than to be able to support the middle of the ship on 
olocks in the dodc. This is an obvious necessity, for otherwise the keel would rest only on pomts, 
instead of being uniformly supported ; and in the dock it is rather an advantage than otherwise, 
that the two ends of the Stdp snould not be home by the blocks, unless they should require special 
repairs, for whidi purpose they must be propped up when needful. 

We have as yet said nothing about the inclination of the keel. It is not necessary that it 
should be parallel to the water-lme, except where there is a narrow limit to the extreme draught 
of water, in which case the keel shoidd he parallel to the load water-line : in most other cases it 
should incline downwards at the stem, so as to draw more water abaft than forward. In the case 
of screw-steamers of large power, it is imperative to have this draught, in order to get the screw 
sufficiently large and sufficiently under water for eifective power ; and further, it is convenient, in 
sailing vessels, to be able to carry a large sail area on the after-piart of the ship, for which greater 
depth of keel aft than forward affords the necessary facility. It is convenient frequently, for the 
same purposes, that a vessel, when light, should draw very much more water aft than forward, and 
that her lading should bring her down gradually to even keeL It is usual to call this greater 
draught aft tluin forward, technically, t/^ difference of the ship; and it is reckoned a main cdement 
in her trim. 

Another element in the sheer-plan is the rake of the stern-post, and this also is a matter in which 
great licence can be allowed to tne constructor, as it affords him great resources, out of which to 
further the uses of his ship. He may either plant his stern-post straight up and down, so aa 
to make the rudder pivot fairly ; or he mav throw the head of the rudder back behind the perpen- 
dicular, at an angle ; or he may throw the heel of the rudder forward of the perpendicular : indeed, 
he may make the line of the rudder cross the perpendicular at any angle he may choose. In the 
first case, he will maintain the balance of his original draught. In the second case, he will extend 
the dead wood and increase the lateral resistance of the ship to leewardliness. In the third case, 
he will diminish the lateral resistance, but increase han^ess. In every intermediate degree 
between these two, he will gain one of these qualities at the sacrifice of the other. 

The effect of this inclination on the rudder itself must not, however, be forgotten. The incli- 
nation of a rudder increases its power to tum the ship, but it also increases the resistance which 
the application of rudder oflbrs in every degree to the progress of the ship through the water. The 
action of the rudder, as has been already rtated, is of the nature of a hindrance to one side of the 
ship, so as to allow the other side to go forwaid with greater speed, and thus turning the ship ; 
but the inclination of the rudder-post has a double effe^ by which, when the radder is held over, 
not only is one side of the ship hindered, but a certain quantity of the water which strikes the 
rudder is diverted upwards as well as to one side. Nevertheless I have no hesitation in recom- 
mending a certain amount of rake of stem-post to be given where very great power of rudder 
is wanted. 

Next after rake of stem-post comes the question of rake of counter and rake of stem. I am 
in the habit of allowing the outtock-lines to decide for themselves the rake of the counter, so that 
when the stem is deep in the water the counter may be a continuation of the trae form of the ship 
and of her lines. A good counter of this sort will, therefore, help the ship, instead of hindering 
it, especially when the stem happens to be buried in the waves. As to rake of stem, I am not sure 
that that is more than matter of fancy : excepting for convenience, it is better that the stem 
should rake outwards, than that it should tumble home; and even the Americans, who have 
extremely small stems, always give them some rake. 

We have not yet done with the sheer-plan. The upper bounding-plan, or that which appears 
to the eye to finish the ship above, is called the eheer-iine This also has been called matter of 
taste merely ; but some points of it have more or less reason. It is a matter of fact that, in looking 
at a ship the upper bounding-line of which is perfectly level, she is apt to have the appearance, 
contrary to the truth, of being rounded down, — that is to say, with a hump in the miaale and a 
droop at the ends; and this is universally agreed to be so ugly, that considerable spring at the bow, 
and somewhat less spring at the stem, are necessary to counteract it. From experience one may 
say, that in a vessel 200 ft. long, it reouires about 2 ft. of rise at the bow and 8 in. at the stem to make 
her seem straight, and as matter of oeauty and custom this is generally exceeded. 

So much for the quantity of sheer, or spring, to be given fore and aft. The quality of it depends 
on the exact curve which mav be adopted for the sheer. I adopt a parabola as the sheer-curve, 
and proceed as follows. Dividing the vessel into ten equal parts, six forward and four abaft, I rise 
forward successively 1, 4, 9, 16, 25, and S6 in. ; and abaft, i, 2, 4^, and 8 in. This gives a total 
spring of 8 ft. forward and of 8 in. aft, and makes the bow 28 in. higher out of the water than 
the stem. This proportion will serve very well from 200 ft. long up to 700 ft., as the luger vessel 
does not require an mcreasing spring; but for smaller vessels than 200 ft. these quantities would 
be in excess. Nevertheless it is to be observed that, even in very smaU vessels, especially when 
low on the water, a considerable spring forward is useful to keep them dry. I am, tiierefore, of 
opinion that there would not be much harm in extending my proportions, given above, to a con- 
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Bidemblj smaller size of vessel thbn I haye stated. However, it is tioC a matter on which there is 
anything dogmatic to be said. 

The sheer-line is important in its structure thns flftr, that it is nsnal to make the planking of 
the upper part of the ship, the line of ports, and the lines of the decks, follow the line of sheer : 
I say, usual ; but I have found it very convenient and useful to deviate ifrom this practice, and to 
make the decks follow any line that may be convenient for the internal arrangements. For 
example : — ^where I have wanted to obtain a large and roomy forecastle without deforming the 
vessel by raising this forecastle above the bulwarks, I have obtained it by running the line of the 
deck straight forward on the level, and so following the level of the water-line, instead of the sheer 
of the bidwark. In this way, the height of the top of the bulwark above the 'deck, which amidships 
might be 5 ft., might become 8 ft. at the stem ; and I am not aware of any practical inconvenience 
arising from this, which is not much more than compensated by strength and usefulness. 

To Conatmct the Chief Vertical Longitudinal Section^ or BuUock^ine. — In the construction of this 
line there is much room for judgment ; for, although it can hardly be vadd to possess such remark- 
able properties of its own as the water-line and midship section, it has the power of either increasing 
the good qualities or aggravating the evils which the ship will derive from tliose two primary lines. 
It is only secondary in importance to these; because by its means all the possible good springing 
from the others may be favourably developed, marred, or neutralized. It happens also that this 
has not heretofore received the attention and study it deserves ; in most designs it is not even to 
be found. In my belief, its good qualities tend materially to the ease, dryness, oomfcni, and safety 
of sea-going ships. Inland and fresh-water ships may perhaps neglect it with impunity ; but a 
practised eye can detect in the faults of this lixio almost instantoneously the bad sea-going qualities 
of a defective design. 

I place the chief buttock-line in a vertical plane parallel to the plane of the keel and the perpen* 
dioulars, or central plane of the ship, and at one-fourth of her breadth from this plane on both siaes. 

In ordinary ships this line will be found to be (^ a most variable, vague, and nondescript character. 
I have adopted for it the vertical line of a sea-wave, and I believe that its conformity to that shape 
has everything to do with the ease of the vessel at sea. The vertical section of the common sea-wave 
is the common cycloid. This must be elongated for a long, low vessel, and compressed for a short 
one. Three points through which it murt pass have already been determined by the midship 
section, and by the water-line ; because, as this line is distant from the centre one-fourth part of 
the breadth, it must cross those three lines where they cross this vertical plane. 

Thesis three, are, however, the only points which do not admit of free choice ; and it remains a 
part of the sUll of the constructor to adopt such a cycloid as may eonsist with his general design 
and with the use of the ship. Each of the tiiree midship sections, Figs. 824, 827, 890, which I have 
given, places the bottom of the buttock-line at a different depth under the water, and each of the 
three requires a different cvcloidal line to fit it. The nature of this oycloidal line has been for a 
few centuries known to maraematicians and philosophers as the only line in which a pendulum can 
so swing that its vibrations, whatever their extent, shall be equal-timed. It happens that there is 
a remarkable analogy, as we have already seen, between tiie swing of a pendulum and the roll of 
tk ship ; there is an equally strong resemblance between the forces which exist in a wave and the 
forces which act on a nendulum : the mathematics of a wave and the mathematicar of a oycloidal 
pendulum are nearly identical. 

When therefore, says Russell, I discovered that the forces which replace the water in the run of 
a ship are of the same nature as the forces actuating a wind-wave at sea in the vertical position, I 
naturally found in this discovery a key to the vertical lines of the after>body of a ship ; and I contrived 
the vertical lines of the fore-body, in the belief that wind-waves coming into collision with a body 
already perfectly fitted to the form which they themselves take in imdulating, unresisted, free 
motion, would not be broken, but would have free way, and that they glide as smoothly over the 
face of a solid cycloid as the layers of the same wave glide over one another. On putting the 
Question to the waves themselves, they decided that it was so, and a vertical peloid thus became 
tne buttock-line of the bow of an easy and dry ship above the water, just as it had already become 
the easy run of the wave of replacement in the stem of the ship. 

The chief buttock-line, therefore, is described in the following manner: — The after-part is 
formed from a semicircle, the bottom of which is at the intersection of the midship section with 
the vertical plane, and of which the uppermost point is as high out of the water as we choose to 
carry the bulwark. From this we describe a cycloid, as shown in Figs. 825, 828, 831, and we cut 
off as much of this cyloid as we choose, to adapt the portion of the stem beyond the perpendicular, 
a point which is a matter of room and comfort merely. For the bow we have the choice whether it 
•hall much overhang the water, or rise up pretty square, or tumble home. For a vessel low in the 
water I sometimes adopt the first ; for a vessel high out of the water, never. I believe that, on 
the whole, a tumble-home form of bow is the dryest and easiest at sea ; and there is also the vertical 
evdoid between the two. Each piofMrtian and kind of vessel has its corresponding cycloid. In 
the case we are now considering, the vessel with a email under-water body has a flare-out bow. 
The fuller under-water body has a vertical buttock-line, and the fullest has a tumble-home bow. 
The first, Fig. 825, of these gives what is called the clipper-how. The second and third, Figs. 828, 
881, give what I may claim, says Russell, to call my bow. This bow has the quality of giving 
roundness, fulness, and capacity, in combination with the fine, hollow, unresisting entrance of the 
wave water-line. 

On the Main-deck Line. — ^I call the main, or chief deck-line of a ship, the outline of that deck 
which is meant to be kept in all circumstances well out of the water, and in ordinary circumstances 
not to be swept by the waves. It is this which constitutes the chief gun-deck of a war-vessel, on 
which it is necessary, in all ordinary weather, that the porta should be open without the sea 
entering* There have been war-vessels in which this deck was generally under water ; but they, 
•'^ k>vg experience, were named coffins ; so I i^all keep my definition. 
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